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Cellulose Studies 
IX. The Molecular Structure of Cellulose and Starch* 


Eugene Pacsu 


Contribution from The Textile Foundation and the Frick Chemical Laboratory at 
Princeton University 


Summary 


Critical review of Freudenberg’s chemical, polari- 
metric, kinetic, and static proofs, as well as a general 
survey of the results of x-ray analysis, electron- 
microscopic studies, chemical methods of end-group 
analyses, and pliysical methods for determination of 
molecular weights reveals that it is justifiable to re- 
gard cellulose as a chain molecule containing at least 
99 percent of 1,4-8-glucopyranosidic bonds. How- 
ever, no information is available as to the chemical 
nature, number, and location of the remaining 1 per- 
cent of bonds and the exact molecular weight of cellu- 
lose. In order to clarify these points the initial attack 
of acids on cellulose was studied by means of the po- 
tassium-permanganate method of end-group analysis 
and by viscosity measurements. From the results of 
these experiments it was concluded that an extra- 
polation to cellulose fibers of Freudenberg’s kinetic 





* This is the ninth paper in a series—‘“Cellulose Studies.” 

The other eight have appeared in the October, 1945, and the 
March, April, June, July, August, October, and November, 
1946, issues. 
_ This report, which will be published also in the August 
issue of the Journal of Polymer Science, was presented in part 
at a Symposium on “Advances in Physical and Organic 
Chemistry of Cellulose,” at the Brooklyn Polytechnic Insti- 
tute, March 29, 1947. 
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proof of the structure of dissolved cellulose molecules 
is not permissible and that cellulose contains about 
0.3 percent of covalent bonds which suffer hydrolytic 
cleavage much more rapidly than normal glycosidic 
bonds. It is suggested that these acid-sensitive 
linkages represent hemiacetal or acetal bonds which 
originate from open-chain glucose anhydride residues 
of “limit hydrocellulose” units and connect the latter 
together along the a and b axes of the fiber. The 
length of the “limit hydrocellulose” is supposed to 
correspond to that of 27 = 128 glucose anhydride 
residues—that is, 660 A., or to the double of these 
figures. 

Supporting evidence for the “principle of periodic- 
ity” in the structure of cellulose fiber has been found 
in certain data in the literature referring to the D.P.’s 
of fractionated cotton samples which had previously 
been degraded in concentrated phosphoric acid solu- 
tion, and in data concerning the molecular weights 
of various cotton samples from sedimentation and 
diffusion in cuprammonium. 

These experimental facts would seem to indicate 
that (1) native cellulose possesses an indefinitely high 
molecular weight; (2) as a consequence of common 
procedure adhered to by most investigators, native 
cellulose is unintentionally degraded to about D.P. 
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3,000, which is then reported as the average molecular 
weight of cellulose; (3) mild, initial acidic degrada- 
tion, intentional or accidental, causes further de- 
crease in the D.P. values, down to the probable 
limiting value of 128 or 256, with complete loss of 
the tensile strength of the cellulose fiber; (4) the 
few covalent bonds, about 0.3 percent, which become 
cleaved during these mild reactions are equally 
spaced, acid-sensitive linkages, entirely different from 
the regular 1,4-glycosidic bonds which are responsible 
for the random hydrolysis of cellulose in strongly 
acidic media. 

Extension of this concept to starch leads to the 
postulate of a three-dimensional network of glucose 
anhydride units of indefinite number. The latter are 
held together by regular 1,4-a-glucopyranosidic bonds 
and, at short intervals, probably by acetal bonds of 
open-chain glucose anhydride residues. On mild, 
acid-catalyzed hydrolysis these acid-sensitive linkages 
rupture rapidly and completely, thus giving rise to 
a material which consists of linear molecules only. 
Since these readily hydrolyzable covalent bonds are 
not equivalent among themselves, slight differences 
in the respective activation energies may favor the 
acidic or enzymic (“liquefaction” by a-amylase) 
hydrolysis of one or the other species of such unions, 
thus conceivably giving rise to the formation of 1,6- 
a-glycosidic or other similar bonds between two ad- 
jacent glucose anhydride residues. 


Critical Review of the Proofs Supporting the 
Present Structure of Cellulose 


There is hardly any other organic compound for 
which as many structural formulas have been sug- 
gested as have been proposed for cellulose in the 
course of prolonged and exhaustive investigation. 
In an historical survey of the chemistry of cellulose 
Purves [31] presented an illuminating picture of the 
conflicting ideas which have been put forth by a 
host of investigators since the time of Jean Baptiste 
Payen regarding the chemical structure of cellulose. 
As the situation appears today, it is generally recog- 
nized that the “association theory” has lost ground 
to a concept which, as developed in the last ten years, 
claims that cellulose is a linear macromolecule con- 
taining up to 3,000 or 3,500 units, that it disperses to 
individual molecules in dilute solutions, and that its 
physical properties are greatly influenced by a degra- 
dation too slight to be readily detected by the methods 
of organic chemistry. In support of the conclusion 
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that the threadlike nature of the cellulose molecule 
has been placed beyond question, Purves [32] gives 
an excellent summary of Freudenberg’s chemical, 
polarimetric, kinetic, and static proofs which “answer 
every reasonable objection to the assignment of the 
linear structure (/) to cellulose.” 





In order to make certain points to be discussed later 
in this paper quite clear it seems necessary to survey 
these proofs in an analytical manner. 

1. Irvine and Hirst [21] prepared cellulose triace- 
tate in more than 99 percent yield from cellulose. 
Methanolysis gave the crystalline mixture of the 
methyl a- and £-glucosides which accounted for 
95.5 percent of the cellulose employed. Since the 
furfural test for pentosans was negative and com- 
pounds other than methyl glucoside were not de- 
tected, “this work was generally accepted as decisive 
proof that pure cellulose consisted exclusively of 
glucose residues.” In view of the great amount of 
literature involving the detection, quantitative esti- 
mation, and possible role of the carboxyl group in 
pure cellulose, one should expect that the material 
unaccounted for in the above experiments includes 
some -onic or -uronic acids which are known to be 
present in every cellulose sample. Of course, it is 
entirely possible that the carboxyl content of cellulose 
—the more recent values are 0.052 percent [40], and 
0.04 to 0.05 percent [26] for cotton cellulose carefully 
freed of pectin—depends on the previous history of 
the sample, and it might be nil in “really pure” cotton 
cellulose. If so, then this point probably can never 
be clarified, since native cellulose always has been 
and always will be treated with chemicals—among 
which air oxygen in alkali is the most destructive— 
in order to remove the numerous noncellulosic con- 
stituents. 

2. Extensive studies by many investigators showed 
beyond doubt that cellulose contains three hydroxyl 
groups for each glucose residue, and that these hy- 
droxyl groups are located at the second, third, and 
sixth carbon atoms of the glucose residues. These 
results were obtained from experiments yielding in 
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one case [22] 91.5 percent of the theoretical amount 
of crystalline 2,3,6-trimethylglucose from the acid 
hydrolyzate of methylated cellulose, and “practically 
only trimethylglucose” in another case [14]. The 
rest of the material was a dimethylglucose, the forma- 
tion of which was said to be due to incomplete 
methylation of the cellulose. It should be noted with 
interest that in spite of numerous attempts, it has not 
been possible to reach the theoretical methoxyl con- 
tent (calculated from linear formula (/)) of tri- 
methylcellulose (45.58 percent methoxyl), unless the 
starting material consisted of distinctly degraded 
cellulose and possibly unless it suffered additional 
degradation while it was being methylated. 

3. The allocation of the hydroxyl groups in cellu- 
lose to the second, third, and sixth positions of the 
glucose residues did not answer the question whether 
the units possessed a 1,5- or 1,4-ring structure, 
whether the glycosidic bonds were attached to the 
fourth or the fifth position in the adjacent units, and 
whether the glycosidic bond had an a- or a B- con- 
figuration. Meanwhile decomposition products like 
cellobiose, cellotriose, cellotetrose, and cellopentose 
were prepared from cellulose and their structures 
were studied. Since it was found that in the first 
three of these oligosaccharides the glucose residues 
were united through 1,4-8-glycosidic linkages, it ap- 
peared probable that the glucose residues in cellulose 
were also united through 1,4-8-glycosidic bonds. 
These experimental results were regarded by Freu- 
denberg [6] as representing the chemical proof of the 
constitution of cellulose. 

However, formula (//), a variation of which was 
proposed by Amé Pictet [30] for starch, but which 
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is equally applicable to cellulose, should not be dis- 
carded solely on the ground that it postulates a di- 
cyclic acetal condensation between adjacent open- 
chain units, which type of structure has not yet been 
proved to be present in the oligosaccharides. In- 
deed, a similar type of condensation has been con- 
sidered by Hudson and Purves [20] as a possible al- 
ternative formula for sucrose. If cellulose were 
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truly represented by formula (//), then the formation 
of cellobiose, cellotriose, etc., during acidic degrada- 
tion could be just as readily interpreted as it is ex- 
plained on the basis of the linear formula (/). 

4. According to Freudenberg and his collaborators 
[6, 7| if the cellulose chain were entirely uniform its 
molecular rotation would be an additive function of 
the rotations contributed by its individual constituent 
units. By the aid of a formula based on this deduc- 
tion these authors calculated the molecular rotations 
of cellotriose and cellotetrose. On the other hand, 
the rotations of the latter made it possible to calcu- 
late that of cellulose. Alteration of one bond in 
every hundred from the B- to the a- configuration in 
the fully methylated chain would have caused a de- 
viation of 2.5 degrees between the observed and the 
calculated specific rotations. The agreements were 
so close that Freudenberg concluded that the cellulose 
chain must possess the uniformity (-glycosidic 
bonds only) assumed in the calculations. However, 
it should be emphasized that while Freudenberg’s re- 
sults failed to supply any evidence for the presence of 
a-linkages within 100 glucose anhydride units, they 
left the problem of the nature and uniformity of the 
bonds open beyond this limit of chain length. 

5. Freudenberg, Kuhn, and coworkers [8] meas- 
ured the rate of acid hydrolysis of cellulose in 51- 
percent (d = 1.415) sulfuric acid solution at 18°C 
and 30°C. The hydrolysis was followed optically 
and by hypoiodite titrations. For calculation of the 
form of the rate plots the assumption was made that 
when the infinite chain disintegrated, all glycosidic 
bonds adjacent to the reducing ends of the various- 
sized fragments broke at the rate given for cellobiose 
(K, = 1.07 x 10-4, 18°C; 6.94 x 10-4, 30°C) and all 
other bonds in the fragments hydrolyzed at the rate 
(Ki = 0.305 x 10°*, 18°C; 2.34 x 10°*, 30°C) ini- 
tially observed for cellulose itself. A mathematical 
formula which expressed the degree of hydrolysis, 
(1-+), as an exponential function of K,, Ki, and ¢ 
was worked out by Kuhn [23]. From the close 
agreement between experimental and calculated val- 
ues in this “kinetic proof” of the constitution of cellu- 
lose one must conclude that at least 99 percent of the 
glycosidic bonds are equivalent and of the 1,4-8-glu- 
coside type which is present in cellobiose or cello- 
triose. Although this result leaves very little doubt 
about the nature and uniformity of the glycosidic 
bonds in cellulose which is dissolved in strong min- 
eral acids, it gives no information as to the nature, 
type, and location of about ten linkages per thousand 
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glucose residues in the fibrous material. The same 
statement may be made regarding the results of other 
kinetic experiments which were carried out in highly 
concentrated phosphoric or hydrochloric acid by the 
use of viscosity measurements or polarimetric, iodine 
titration, or mercaptalation methods. 

6. The partial degradation of cellulose in strongly 
acidic media gives rise to the oligosaccharides cello- 
biose (40 percent), cellotriose (9.0 percent), cello- 
tetrose (1.2 percent), and cellopentose (0.5 percent), 
formerly believed to be cellohexose [7, 42]. Mathe- 
matical treatment of the problem showed that the 
random breakdown of a long chain with uniform gly- 
cosidic bonds could not possibly produce more than 
18.7, 13.8, and 11.0 percent of cellotriose, cellotetrose, 
and cellopentose, respectively. Calculations also 
showed that if in the acetolysis experiments cello- 
biose octa-acetate were completely stable in the re- 
action mixture, no more than 70 percent would be 
formed. The actual yield of 51 percent [13] ap- 
pears, therefore, to be in agreement with the molecu- 
lar chain concept. Since all the yields actually ob- 
tained were very far from the calculated values, this 
“static proof” of the constitution of cellulose seems to 
be rather unconvincing. All that may be said is that 
the experimental results are not in obvious contra- 
diction to a linear structure of cellulose. 

7. The molecular chain structure of cellulose is in 
agreement with the results of x-ray analysis. The 
length (10.3 A.) of the identity period of the ele- 
mentary cell in the direction of the fiber axis is 
identical with the length of two glucopyranose resi- 
dues which are combined with each other as in cello- 
biose and connected with other glucose residues at 
their ends. Along the a axis the glucose rings are 
separated only by a distance of 2.5 A. instead of about 
3.0 A., which is the usual distance for the van der 
Waals’ forces operating between two oxygen atoms 
belonging to different molecules. It is, therefore, 
reasonable to assume that hydrogen bonds are es- 
tablished between the oxygen atoms of appropriate 
hydroxyl groups. Along the ¢ axis the nearest dis- 
tance of atomic centers is about 3.1 A. This corre- 
sponds closely to the distance to be expected if van 
der Waals’ forces hold the lattice together in this 
direction. According to the current views [34], in 
a cellulose fiber the three-dimensional arrangement 
of the glucose anhydride units is repeated in all di- 
rections to build up crystalline areas (crystallites or 
micelles) separated by amorphous or intercrystalline 
areas. An approximate idea of the size and form of 
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the crystallites has been derived from the breadth of 
the layer lines of the x-ray diagrams. Accordingly, 
the micelle of ramie fiber is calculated to be a rhombus 
which measures at least 600 A. along the fiber axis 
and about 50-by-60 A. across this direction. Since 
ultracentrifugal, viscosity, and related physico-chemi- 
cal methods all indicate that the “molecular cellulose 
chains” are considerably longer (15,400 A. for a cellu- 
lose with D.P. 3,000), it is now assumed that a sub- 
stantial part of the fibrous system is amorphous— 
that is, the long-chain molecules in certain regions 
are not strictly parallel as they are in the crystalline 
areas, or they are not so nearly parallel as in the mes- 
omorphous portions. To account for the penetrability 
of the fibrous system for liquids, dyes, etc., the chain 
bundles are thought to be separated by intermicellar 
spaces. The latter allow crystals of gold, silver, or 
silver amalgam to grow in the interstices, which oc- 
casionally assume the shape of a spindle with an aver- 
age long axis of about 2,500 A. and an average short 
axis of about 400 A. Throughout the fiber the metal 
also deposits in the form of extremely thin lamellae 
between the crystallites, their average distance of 
about 70 A. being the same as the width of the latter. 
These heavy-metal lamellae appear to form a matrix 
in which the crystallites are embedded. Recently 
Frey-Wyssling and Muhlethaler [9] used supersonic 
waves to disintegrate fiber samples for observation 
The treatment re- 





























under the electron microscope. 
sulted in the disintegration of the fibers into fibrils 
which appeared to be split into fine strands, the small- 
est of which measured 60 A. in diameter. These 
micellar strands, therefore, have about the same di- 
ameter as the crystallized cellulose strands reported 
by x-ray analysis and are composed of about 100 
From the results of the 















cellulose chain molecules. 
x-ray and electron-microscopic investigations it can, 
therefore, be concluded that the micellar strands may 
very well represent the true building bricks of the 
cellulose fiber. The unsubstituted strands probably 
will not easily disintegrate any further by mechanical 
treatment into individual chain molecules or into 
laminae of chain molecules because of the strong hy- 
drogen bonds and the somewhat weaker van der 
Waals’ forces which hold the adjacent glucose an- 
hydride units together along the a and ¢ axes, re- 
spectively. As to the length of the “primary molec- 
ular chains” of which the micellar strands are com- 
posed, it will be suggested later in this paper that it 
might uniformly be 660 A., corresponding to 2‘ = 
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128 glucose anhydride units, or the double of these 
figures. 

8. The question of how many glucose residues com- 
pose the “average chain molecules” of cellulose is 
usually answered by giving the D.P.’s of the samples 
as determined by chemical or physico-chemical meth- 
ods. The former are based upon the fundamental 
assumption that the chains in cellulose are open and 
that either the reducing or the nonreducing end- 
groups of the finite chains undergo certain reactions 
which can be carried out quantitatively. The ratio 
of end-groups to normal groups is then usually given 
as the “number-average D.P.” or the weight of a 
“cellulose molecule.” It is, perhaps, needless to 
point out that this treatment of the problem is per- 
missible only if the assumption on which it is based 
is correct. It is well known, however, that similar 
estimations when carried out on the so-called “amylo- 
pectin component” of starch led to the absurdly low 
value of D.P. 20 to 30, whereas molecular-weight 
determinations by physico-chemical methods resulted 
in a wide array of values of D.P. (500, 2,000, 4,300, 
20,000, and even 70,000 [5], different laboratories 
reporting). It is, therefore, quite evident that the 
chemical methods of end-group analysis may give 
“equivalent weights” or “repeating units’ only, 
whereas the physico-chemical methods will furnish 
the true particle weights. 

Of the various chemical methods which have been 
used in determinations of end-groups, the estima- 
tions based upon the potential reducing groups are 
frequently employed. The reducing units custom- 
arily, but for no compelling reason, are written in 
the pyranoid form. The interpretation of the results 
rests on the following assumptions: (a) each chain 
contains one glucose molecule which is substituted at 
its fourth position with the rest of the chain; (>) all 
of the reducing power is contributed by such termi- 
nal units only; (c) the reagents used will not pro- 
duce new reducing groups by cleavage of the chain 
molecule. For actual determination of the reducing 
power the “copper number” method is traditionally 
employed. It has been the target of much criticism 
and at the present time the erratic results it gives have 
caused it to be relegated to the role of a rough meas- 
urement at best [39]. As to the hypoiodite method, 
recent investigation [27] indicated that the procedure 
is not applicable to the reducing type of oxycelluloses, 
although Harris and coworkers [24] claimed to have 
made the method usable for hydrocelluloses. In or- 
der to avoid the use of alkaline reagents in end- 
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group analysis, ice-cold potassium permanganate in 
dilute sulfuric acid solution was employed recently 
[16] for reducing end-group estimation. The re- 
action was found to be sufficiently selective and 
reasonably complete in that fairly constant values 
were obtained after about 40 minutes of reaction 
time. The experimental results and their implica- 
tions will be discussed later in this paper. Other 
methods which depend upon the formation of con- 
densation products with the terminal reducing groups 
include the use of phenylhydrazin [2], phenylhy- 
drazin acetate [38], ethyl mercaptan [41], hydroxyl- 
amine hydrochloride [10], and other reagents. For 
the majority of these reactions the problems of in- 
accuracy and incompleteness of reaction exist. For 
most, accuracy within 5 to 10 percent is the best that 
can be claimed on materials which must be fairly well 


degraded to show any measurable reaction at all. 


The end-group assay based upon the quantitative 
formation of tetramethylglucose from the assumed 
chain molecule of cellulose or starch is too notorious 
to need any discussion here. The consensus of many 
investigators who have used this method one time 
or other is expressed by Sookne and Harris [35] in 
their statement that the method suffers from two ob- 
vious disadvantages: degradation of the original ma- 
terial during the long series of rather severe treat- 
ments, and the requirement of isolation of a material 
which is present in only minute proportions among 
the various products of hydrolysis. This opinion is 
borne out by the large and consistent differences that 
exist between the analytical results of the various 
schools of cellulose and starch experts. 

A recent method by Hirst and coworkers [3] is 
claimed to effect quantitative liberation of formic acid 
from the terminal sugar residues of cellulose, starch, 
etc., in about 180 hours at 15°C by the use of pe- 
riodic acid under special conditions. According to 
the authors, overoxidation does not take place and 
the formic acid—in the case of starch about 70 mg. 
per 1,000 cc. (about 0.0015N )—can be titrated by 
0.01N baryta either in the presence of the decomposi- 
tion products (aldehydes) or after ether extraction. 

Chain-length estimation based upon the carboxyl 
content of cellulose suffers from the uncertainty as 
to the structural arrangement or position of the 
carboxyl groups in the samples. If it were true that 
the carboxyl groups of all the chains in the fiber 
originated from the reducing end-groups and none of 
the hydroxyl groups of the chains became oxidized to 
carboxyl groups during isolation and_ purification 
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of the cellulose, then the values of acidity could be 
used for chain-length estimation. Actually, neither 
of these requirements is satisfied in the majority of 
samples. The second difficulty is encountered in the 
selection of a suitable method of carboxyl estimation. 
Various attempts have been made to develop a suffi- 
ciently exact method by the use of direct or indirect 
titration with alkali but the results, as is commonly 
known, are not altogether satisfactory. 

9. Almost all physical methods for determination 
of molecular weight of chemical compounds were de- 
veloped on true solutions—that is, those in which the 
substance is in a state of molecular dispersion. Al- 
though many cellulose and starch chemists still be- 
lieve that these polymers or their derivatives are 
“merely in a state of colloidal dispersion or in a 
state of transition from colloidal to molecular dis- 
persion” [15], all evidence supports the theory that 
molecular dispersions are possible, and that complete 
dispersion does take place. In a clear presentation 
of this problem Spurlin [36] quite convincingly 
points out all the arguments which favor the concept 
of true molecular dispersion of cellulose and cellulose 
derivatives in various solvents. Once an optically 
empty solution of these materials is secured, the 
weight of the particles can be determined by various 
physico-chemical such as the viscosity 
method, the osmotic-pressure method, the sedimenta- 
tion and diffusion methods, the light-scattering and 
other methods. 

All these physico-chemical methods when applied 
to cellulose itself suffer from the great disadvantage 
that cellulose is soluble only in concentrated mineral 
acids or in strong bases, such as cuprammonium hy- 
droxide solution. The former are reaction solvents, 
which immediately attack the cellulose molecule, and 
in due course of time only D-glucose is found in the 
solution. Although alkali alone cannot be regarded 
as a reaction solvent, in combination with oxygen it 
becomes one of the most dangerous media when em- 
ployed either for dispersion or for suspension of cellu- 
losic materials. Unless most careful and extraordi- 
nary precautions have been taken for the elimination 
of the last traces of air, cellulose is subject to oxida- 
tive degradation in cuprammonium solution or in 
other alkaline environment. This fact has been gen- 
erally known since early days and extensively uti- 
lized by the industry for breaking down the cellulose 
molecules to a suitable level by the so-called “ageing” 
process. Today it appears to be quite certain that the 
wide variations in molecular weights of celluloses as 
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obtained by physico-chemical measurements in alk:- 
line solutions are caused solely by the cracking action 
of oxygen on the samples—first, during the process of 
“purification,” which usually ends with an “alkali 
boil” ; and, second, because of the accidental inclusion 
of air in the cuprammonium solution. According to 
Golova [11], when oxygen is removed by helium 
instead of nitrogen in a special apparatus, a molecu- 
lar weight of D.P. 10,000 is usually obtained for na- 
tive cotton cellulose. In view of the widely scattered 
numerical values reported from various laboratories 
for the molecular weights of cellulose, it seemed to 
us to be a legitimate a priori conclusion that the mo- 
lecular weight of cellulose is indefinite and that the 
results of various measurements invariably refer to 
materials which have already been degraded during 
the process of purification and dissolution. We pro- 
pose to extend this view to the molecular weight of 
starch and other polysaccharides, and to explore it 
in the discussion of our new concept of cellulose and 
starch structures. 

In summarizing the first part of this paper, it 
can be concluded that from every point of view it is 
justifiable to regard cellulose as a chain molecule 
containing at least 99 percent of B-1,4-glucopyrano- 
sidic bonds. However, no information is available 
as to the chemical nature, number, and location of the 
remaining 1 percent of bonds; neither do we have a 
definite figure for the lengths of the chains—that is, 
the molecular weight of cellulose. This situation is 
the consequence of the insufficient precision of the 
chemical methods of end-group assays and also of 
the somewhat haphazard nature of the preparation of 
solutions for physico-chemical measurements. ‘The 
situation is aggravated by the fact that the solvents 
employed are either reaction solvents such as con- 
centrated mineral acids, or they promote and facili- 
tate, as do cuprammonium and similar basic solvents, 
the attack of oxygen on cellulose. Finally, employ- 
ment of derivatives does not remedy the situation be- 
cause the basic or acidic reagents commonly used 
in the preparation of cellulose derivatives will pro- 
duce, particularly in the presence of air oxygen in 
basic environment, precisely the same effect on these 
materials which one has sought to avoid by substi- 
tuting them for native cellulose. 

All that has just been stated for cellulose holds, 
mutatis mutandis, for starch, too. According to the 
prevailing concept, starch contains at least two cof- 
stituents which can be separated : amylose and amylo- 
pectin, both polymers of a-D-glucopyranose but dif- 
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fering markedly in properties and structure. The 
minor component, 20 to 30 percent, is represented 
by an essentially linear arrangement of some 100 to 
700 a-D-glucopyranose units linked in 1,4-positions. 
This fraction can be precipitated by addition of 
higher alcohols, such as n-amyl alcohol, or of other 
polar reagents, such as nitrobenzene. It yields an 
intense blue coloration with iodine and precipitates 
rapidly from cold aqueous solution (“retrograda- 
tion”). The constitution of the second component, 
amylopectin, is generally believed to be distinctly 
different from that of amylose; the giant “branched” 
molecules have been reported to consist of 500 to 
70,000 a-D-glucopyranose residues, in which, besides 
the proved 1,4-glycosidic linkages, branching through 
1,6-a-glycosidic linkages is postulated on the average 
at every twentieth to twenty-fifth glucose unit. A 
branch point of the highly ramified structure is repre- 
sented by formula (J//). 


CH20H 


ny 


The fraction will not precipitate with the added 
n-ainyl alcohol or other polar reagents. It gives a 
reddish color with iodine and it represents the paste- 
forming component of starch. 


Development of the Proposed Structure 
of Cellulose 


In our earlier studies on starch [29] we were 
greatly impressed by the fact that acylation experi- 
ments in the presence of pyridine as a catalyst re- 
sulted in the formation of starch esters with very 
high molecular weights in contradistinction to those 
commonly available by means of acidic catalysts. 
Also, the rapid formation of the so-called “hydro- 
celluloses” from cellulosic materials under compara- 
tively mild acidic conditions, the deterioration of 


fabrics at body temperature by acidic perspiration, 
the obscure reaction of “disorganization of the starch 
granule into smaller physical units” attributed to a- 
amylase in the “liquefaction” of starch, directed our 
attention to the very first stage of degradation of these 
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high polymers. It is important to keep in mind that 
the initial attack of dilute acids on cellulose could 
not involve more than a few bonds of the fiber, for: 
a drop to about D.P. 300 from an original value of 
D.P. 3,000 usually results in complete loss of tensile 
strength, and, consequently, in the end of the usability 
of the fabric. It is obvious, therefore, that the na- 
ture of such a cleavage affecting only about 0.3 per- 
cent of all the hydrolyzable bonds present in the 
cellulose molecules represents a problem of para- 
mount importance from both the scientific and prac- 
tical standpoints. 

In our recent investigation of this problem we have 
attempted (a@) to find, if possible, a suitable chemical 
method of analysis for reducing end-groups in acidic 
media and to apply it to follow the initial phase of the 
heterogeneous acidic degradation of cellulose fiber 
into “hydrocellulose” ; (b) to follow the initial homo- 
geneous degradation of cellulose in an appropriate 
acidic solution by measuring the change of viscosities 
of the solution with time; (c) to study the initial 
heterogeneous degradation of cellulose in dilute acids 
by following the changes in the cuprammonium vis- 
cosities of the hydrocelluloses so produced. 

Detailed accounts of some of these investigations 
have already been published [16, 18, 19] and in a 
preliminary publication [28] a broad outline has 
been given of our new concept concerning the com- 
position and structure of starch and cellulose as the 
result of all these experiments and of a new inter- 
pretation of existing data. 

Briefly, the results of these experiments are here 
presented. 

(a) In order to eliminate the use of alkali in the 
oxidation reaction of the reducing end-groups, em- 
ployment of potassium permanganate in acidic media 
as a possible oxidizing agent was taken into consider- 
ation. Cellulose samples of approximately 1 gram 
were allowed to react with a measured excess of 
0.1N potassium permanganate in 0.25N sulfuric 
acid at 0°C for different intervals of time. The re- 
action was terminated by addition of a measured ex- 
cess of ferrous ammonium sulfate and then the solu- 
tion was back-titrated with potassium permanganate. 
Independent methods of checking this reducing- 
group estimation were needed. A simplified pro- 
cedure for titrating carboxyl groups in cellulosic ma- 
terials with dilute sodium hydroxide solution gave 
results [17] which were consistent with the stoichio- 
metric equation, —CHO ——COOH, of the potas- 
sium permanganate oxidation reaction previously 








412 








carried out on the same samples. The oxidation 
method was then applied to various hydrocelluloses. 
The destructive effect of dilute acids on cellulose fiber 
is generally believed to be caused by the same random 
hydrolysis of the 1,4-glycosidic bonds, which reaction 
has been established by Freudenberg and coworkers 
on dissolved cellulose molecules and is known to re- 
sult in gradual increase in the reducing power. Con- 
trary to all expectations, it was found that the mild 
acid treatment apparently decreased the reducing 
power of cellulose, and that the more energetic the 
treatment within the acidic region employed, the less 
the reducing power. This observation, together with 
the viscosity results to be discussed in the next para- 
graph, led us to believe that, besides normal 1,4- 
glycosidic bonds, cellulose must contain another type 
of covalent bond which is sensitive to acid-catalyzed 
hydrolysis and which is somehow correlated with the 
reducing units of the cellulose molecule. Such linkage 
can be represented only by a hemiacetal bond of an 
open-chain glucose unit which could occur either at 
the reducing end of the chain molecule or could origi- 
nate from open-chain glucose, cellobiose, etc., mole- 

























cules which may function as cross-links between ad- 
The original re- 






jacent cellulose chain molecules. 
ducing power of cotton would then correspond to the 
total number of hemiacetal linkages and the gradual 
decrease in the reducing power would be caused by 
the loss of the small molecules during acid treatment. 
Since on leaving the fiber after hydrolysis of their 
acid-sensitive hemiacetal linkages these small mole- 
cules do not create new reducing groups, the reduc- 
ing power of the hydrocellulose would become less 
The amount of 














than that of the original material. 
material lost as a result of the initial attack of acids 







is minute by comparison with the weight of the sam- 
ple. We could detect no weight loss at all on the 
scales, but volumetric estimation on the acid filtrate of 
a sample indicated one lost reducing molecule for 
every 548 glucose anhydride units. In the light of 
this interpretation the D.P. value (287) obtained for 
surgical cotton represents only the ratio of units 











with hemiacetal bonds to normal groups and not the 
From these 





true molecular weight of the substance. 
experiments the D.P of the repeating unit appears 






to have a value somewhere between 548 and 680. It 
should be noted, however, that while the general 
trend in the reducing values of the various hydro- 







cellulose samples is unmistakable, the figures actu- 





ally obtained may not be more exact than the values 
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one generally receives from any other chemical 
method of end-group analysis. 

(b) Freudenberg’s kinetic studies on cellulose in 
51-percent sulfuric acid solution have conclusively 
demonstrated that 99 percent of the hydrolyzable 
bonds in cellulose are uniformly of the 1,4-8-glyco- 
sidic type. If the remaining 1 percent of bonds were 
more acid-sensitive than this type, one could only 
detect them in the course of a homogeneous degrada- 
tion of cellulose if the acid solvent exerted its hydro- 
lyzing effect at a much slower rate than did sulfuric 
acid. Phosphoric acid in 85-percent concentration, 
according to af Ekenstam [4], is “eminently suitable” 
for molecular-weight determination because cellulose 
remains “for hours” unchanged in this medium. Con- 
trary to this conclusion we have found [19] that in 
this solvent the viscosity of surgical cotton rapidly 
diminishes, reaching a very low value after a com- 
paratively short time. A hydrocellulose which was 
prepared from surgical cotton by treating it with 5 
sulfuric acid for 3 hours at 60°C gave immediately a 
low viscosity value which, when the solution was 
allowed to stand, diminished to the same final value 
as that of the cotton solution. The type of curve ob- 
tained in the case of cotton has been observed before 
by Stamm and Cohen [37], who interpreted it as a 
measure of rate of hydrolysis of 1,4-glycosidic bonds. 
However, this interpretation appears to be incorrect 
for the following reasons. The average rate of the 
reaction, K = 5 x 10°, as determined from our vis- 
cosity data, would indicate a half period of about 
10 hours for the degradation. On this basis, cellu- 
lose in 85-percent phosphoric acid should change into 
pure D-glucose in about 4 days. A solution of glu- 
cose in 85-percent phosphoric acid shows a specific 
rotation of [a]? = 68.0°. Cellulose in the same sol- 
vent has a rotation of [a]?? =0°. We have found 
that this value remains unchanged for an observation 
period of several weeks, a much longer period of time 
than that during which the viscosity changes were ob- 
served. Another argument against the theory that 
there is an extensive hydrolysis of 1,4-glycosidic 
bonds in the early stage of degradation is the fact 
that at the stage of practically zero viscosity a pre- 
cipitate of high-polymer material can be obtained, 
upon dilution, from the solution. This material pos- 
sesses practically the same reducing power and cu- 
prammonium viscosity as the corresponding values 
shown by the hydrocellulose employed. According 
to our interpretation, the initial chemical reaction 
which takes place in phosphoric acid during viscosity 
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measurements is identical with the initial hydrolytic 
action of weak acids upon cotton in a heterogeneous 
degradation giving rise to hydrocellulose by the rapid 
cleavage of acid-sensitive hemiacetal bonds. This 
process will, of course, escape detection in strong 
sulfuric acid solution but it becomes slow enough for 
observation in the much weaker phosphoric acid 
solution. Therefore, the initial steep slope of the 
viscosity curve of cotton in the latter solution indi- 
cates a rapid rate of cleavage of a few bonds only, and 
the slope of the flat part of the curve would measure 
the slower rate of hydrolysis of the 1,4-glycosidic 
bonds. Of course, this part of the viscosity curve be- 
comes valueless after a certain period of time be- 
cause the low concentration of cellulose in phos- 
phoric acid renders the viscosity measurements quite 
uncertain in that region. 
sults we conclude that there are two types of covalent 
bonds in cellulose; one of them, represented by less 
than 1 percent of the total bonds, is much more sus- 
ceptible to acid hydrolysis than the other type, which 
consists of the regular 1,4-glycosidic bonds. Be- 
cause of the appreciable rate of hydrolysis of the 
latter even in phosphoric acid, measurable by the 
potassium permanganate method for reducing end- 
group determination [16], a precise evaluation of the 
rate constant of the hydrolysis of the first type of 
bonds does not present an easy problem. 


In summarizing these re- 


(c) It is evident from the foregoing discussion that 
for the measurement of the rate of hydrolysis of the 
postulated acid-sensitive bonds a mild heterogeneous 
degradation of cellulose by dilute acid might be more 
advantageous than the homogeneous degradation in 
acidic solution. At our request, Dr. W. A. Sisson, 
Dr. S. Coppick, and Mr. O. A. Battista, of the Ameri- 
can Viscose Corporation, very kindly undertook the 
determination of the average basic D.P.’s of cotton 
rayon pulp samples exposed to 5N hydrochloric acid 
at 18°C for various periods of time.* 
their results, the original value of D.P. 835 of the 


According to 


starting material dropped to D.P. 334 during the first 
120 hours of acid treatment. In the subsequent pe- 
riod of 360 hours this value diminished to D.P. 304 
only. From these figures a rate constant of about 
K, = 3.3 x 10° is calculated for the initial hydroly- 
sis and about K, = 1.3 x 10° for the rest of the re- 
action. In the next experiment the original pulp was 
first degraded by treatment at 60°C for 4 hours in 2N 


sulfuric acid, when a hydrocellulose with D.P. 335 


See page 419 of this issue. 
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was isolated. This powdery material was then ex- 
posed to 5N hydrochloric acid for 480 hours, during 
which time its D.P. dropped to 288. The rate of this 
change is of approximately the same magnitude as 
that for the second part of the reaction involving the 
original cotton pulp cellulose. These results strongly 
indicate that the initial rapid attack of acids is con- 
centrated on a few acid-sensitive bonds of the fiber. 

In order to suppress the simultaneous hydrolysis 
of the 1,4-glycosidic bonds as much as possible, we 
have degraded surgical cotton by treatment with 10- 
percent lactic acid for periods of 0, 6, 12, 24, 48, 168, 
and 216 hours, respectively, at about 95°C. Cu- 
prammonium viscosity values of the samples gave a 
degradation curve which indicated that the original 
D.P. 2,496 dropped to 450 at a rate of about K, = 
1.1 x 10° during the first 12 hours of treatment, and 
to 220 at the slower rate of K, = 3.2 x 10° during 
the next 156 hours. No further drop occurred in the 
ensuing period of 48 hours, the final D.P. value being 
221. In other words, the hydrolytic degradation of 
surgical cotton exposed to dilute lactic acid came to 
a standstill after an initial rapid reaction which 
caused the cleavage of about 3 acid-sénsitive bonds 
out of 1,000 hydrolyzable bonds. Because of the 
known variations between the numerical values of 
the D.P.’s obtained from the various available ex- 
pressions for estimations of molecular weights from 
viscosity data, the true figures cannot be determined 
with accuracy. Therefore, we have arbitrarily chosen 
2° = 256 as the probable value of the degree of poly- 
merization of a “limit hydrocellulose” which is de- 
void of acid-sensitive linkages, and henceforth we 
shall regard this material as consisting of primary 
chain molecules only, the building units of the cellu- 
lose fiber. However, should future electron-micro- 
scopic pictures reveal that the length of a crystal- 
lite is 660 A., as present x-ray studies would seem to 
indicate, then the D.P. value of the primary chain 
molecule would become 2* = 128. 

From the results of these degradation experiments 
we have concluded that extrapolation to cellulose 
fibers of Freudenberg’s “kinetic proof” of the struc- 
ture of dissolved cellulose molecules is not permis- 
sible, and that cellulose contains at least 0.3 percent 
of covalent bonds which hydrolyze more rapidly than 
the normal glycosidic bonds. We have already sug- 
gested that these acid-sensitive linkages represent 
hemiacetal bonds which originate from open-chain 
glucose anhydride residues of the primary chain mole- 
cules or from those of small sugar molecules. We 
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have also proposed that the molecular weight of cellu- 
lose or starch is indefinite in that the visible fiber or 
granule represents a three-dimensional network of 
glucose anhydride residues. At certain definite inter- 
vals these residues occur in open-chain form and are 
connected through hemiacetal linkages with other 
such special units which are responsible for the re- 
ducing power and for the rapid initial degradation of 
both cellulose and starch. The observed variations 
in the rates of hydrolysis of these hemiacetal and 
possibly also of acetal bonds are presumably due to 
the different locations of the open-chain glucose an- 
hydride units from which such bonds originate, just 
as this is assumed to be the case with the 1,4-gly- 
cosidic bonds of the primary chain molecules. A 
schematic diagram representing our concept of cellu- 
lose structure illustrates a lamina of a crystalline fiber 
in the a, b plane (Figure 1). 

It is perhaps the most characteristic feature of our 
cellulose model that the special residues furnishing 
the acid-sensitive bonds continue along the @ axis 
straight through the 8 chain molecules which sup- 
posedly form the width of a crystallite. Besides these 
open-chain glucose anhydride units the 8 chain 
molecules are also connected by a network of hydro- 
gen bonds operating between the appropriate oxygen 
atoms of the normal glucose anhydride units. Some 
12 layers of the resulting laminae, held together by 
the weaker van der Waals’ forces along the c axis, 
will then constitute a three-dimensional micelle of in- 
definite length. Such a micelle consisting of a strand 
of about 100 chain molecules should appear under 
the electron microscope as a fine fibril with definite 
dimensions except along the } axis. In a “limit hy- 
drocellulose’” which has been obtained by maximum 
degradation, the length should correspond to that of 
128 or 256 glucose anhydride units. Should it be- 
come absolutely certain that in native or purified cel- 
lulose the so-called amorphous area is due to amor- 





t 





oe tea 

A? D.P2°=256 

1, 320A. 
Fic. 1. The structure of crystalline cellulose fiber, a 
lamina. A—Primary chain molecule of cellulose, or 


B—Hemiacetal or acetal link- 


“limit hydrocellulose.” 
= 


ages. C—Secondary chain molecule, a fragment. 
Hydrogen bonds. 





TEXTILE RESEARCH JOURNAL 





phous cellulose, then one could assume that the regu- 
lar pattern possessed by the laminae has been somehow 
disturbed, probably by oxidation or hydrolytic cleay- 
age of some of the special units which tie the ad- 
jacent chains together. In such a case primary mio- 
lecular chains with double length might become con- 
nected at single-length points along the fiber axis, 
thus giving rise to kinks which, because of increased 
distance, render the formation of hydrogen bonds 
impossible between adjacent chain molecules. 

A rigid chemical structural formula representing 
all the features of our concept of a cellulose molecule 
cannot be written readily. However, a portion of 
formula (/V’) serves to illustrate the essential re- 
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quirements of our theory and it does not seem to be 
in conflict with the known chemical and physical be- 
havior of cellulose. 















Principle of Periodicity in Cellulose Structure 


Further investigation will undoubtedly require 
modifications in the details of our theory, as it has 
already been found necessary to alter our original 
views presented in a preliminary publication [28) 
in favor of our present concept, which emphasizes 
the principle of periodicity in the structure of cellu 
lose fiber, in contrast to the basic principle of random 
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ness. Supporting evidence for the principle of fre- 
quency has been found in new data in the literature 
which had not been available to us during the war 
or before the publication of our preliminary paper. 
Since then we have found that Schulz and Husemann 
|33] had arrived at certain conclusions regarding the 
chemical structure of cellulose, which ideas are in 
principle similar to the views we have expressed in 
our concept of the structures of cellulose and starch. 
According to these authors, native cellulose consists 
of a chain of 3 X 2'° = 3072 glucose anhydride units. 
These units are linked together by 1,4-8-glycosidic 
bonds with the exception of five equally spaced 
glucuronic acid residues, which by loss of carbon 
dioxide molecules from their carboxyl groups may 
have become xylopyranoside units. Since the 1,4- 
xylopyranosidic linkages, according to these authors, 
hydrolyze about one thousand times faster than the 
normal glucopyranosidic bonds, the cellulose mole- 
cule is rapidly degraded by acidic media to give rise 
to the 6 chain molecules, each consisting of 2° = 512 
glucose anhydride units. 

Schulz and Husemann developed this theory as a 
final conclusion from the following treatment of their 
experimental results. They have calculated the non- 
uniformity factor, U = K,,/km — 1, from the degree 
of degradation, 8B = P,,/P, by the aid of an expo- 
nential equation based on the two assumptions that 
(1) all the molecular chains in native cellulose are 
of uniform lengths, and (2) that the rate constant of 
the hydrolytic scission has an identical value for all 
the glycosidic bonds present in the chains. In the 
above expressions K,, and k,, represent the Staud- 
inger constants for cellulose nitrates in acetone solu- 
tion as determined experimentally by osmotic pres- 
sure measurements of nonfractionated and sharply 
fractionated degradation products, respectively. Fur- 
thermore, P,, denotes the number of glucose anhyd- 
ride units (3,100) in the original sample, and P 
gives the degree of polymerization of the degraded 
samples as obtained by osmotic pressure measure- 
ments. By plotting the calculated U values against 
a series of B values the authors obtained the theoreti- 
cal curve which turned out to be of entirely different 
shape from the curve given by plotting the experi- 
mentally determined values of U and 8. Schulz and 
Husemann, therefore, concluded that at least one of 
the assumptions underlying their theoretical equation 
was incorrect. Since careful fractionation of the 
starting material did show a satisfactory uniformity 
of chain length, the authors concluded that their 
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TABLE I. FRACTIONATION OF CELLULOSE NITRATE 
FROM CoTTON* 





Fraction Percent D.P. Unit, 2?=256 





(Average D.P. 1,050) | 135) — — 
2 9.50 780 768 (3)f 
3 20.90 1,005 1,024 (4) 
4 45.60 1,530 1,536 (6) 
5 22.05 2,460 2,560 (10) 
(Average D.P. 620) 1 10.3 225 256 (1) 
2 31.5 570 512 (2) 
3 18.5 835 768 (3) 
4 16.2 1,180 1,024 (4) 
5 23.5 1,290 1,280 (5) 
(Average D.P. 156) 1 17 55 
2 10.0 58.5 
3 6.6 98 
+ 17.2 144 
5 18.1 208 
6 31.1 278 
7 7.0 394 
8 8.3 570 





*From G. V. Schulz and E. Husemann, Z. physik. Chem. 
B52, 23 (1942). 

+ Figures in parentheses are number of 256-units (e.g., 
3 X 256 = 768). 


second assumption concerning the uniformity of the 
rate constants of the hydrolytic cleavage of the bonds 
was invalid. The experimental curve showed that 
the values of U pass through a maximum and a 
minimum with increasing degradation. In an elabor- 
ate mathematical treatment of the problem Schulz 
and Husemann arrived at an equation that was 
based on the assumption that a chain of 3,000 units 
was split into six equal fragments, each of them 
consisting of 500 units, and that the rate of this 
cleavage was one thousand times as fast as the rate 
of scission of the bonds between the normal glucose 
anhydride units in the chain molecule. Since the 
experimental values now fitted the new theoretical 
curve, the authors regarded this as proof of the 
correctness of their assumptions. While the presence 
of acid-sensitive bonds in cellulose and the principle 
of frequency in the molecular structure of cellulose 
thus appear to be well-established, the authors’ as- 
sumptions as to the origin and nature of the acid- 
sensitive bonds lack any experimental foundation. 
Striking evidence in favor of the principle of 
periodicity remained apparently unnoticed by Schulz 
and Husemann in their work dealing with the frac- 
tionation of cotton samples which had previously 
been degraded in concentrated phosphoric acid solu- 
tion. Table I shows the result of their fractionation 
on the nitrated samples with average D.P.’s of 1,050, 
620, and 156, respectively. 
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TABLE II. FRaAcTIONATION OF CELLULOSE NITRATE 
FROM COTTON* 

Fraction Percent DP. 
1 1.0 470 18.0% 

2 17.0 1,200 

3 30.0 2,940 
4 35.9 3,140 80.4% 

5 14.5 3,200 









* From G. V. Schulz and E. Husemann, Z. physik. Chem. 


B52, 23 (1942). 


In the last column we have calculated the D.P.’s on 
the basis of our “limit hydrocellulose” unit, 2° = 256. 
It is quite evident from these data that the initial 
acid degradation of cotton in phosphoric acid cannot 
result from random hydrolysis. The latter takes 
place at a later phase of the reaction, as clearly indi- 
cated by Schulz and Husemann’s fractionation re- 
sults on a sample (D.P. 156) which had been kept 
for 65 hours at 27°C in an about 14M phosphoric 
acid solution. In this case no periodicity in the 
D.P. values can be detected; the hydrolysis follows 
a random path. 

In order to prove the uniformity of their starting 
material Schulz and Husemann fractionated cellu- 
lose nitrate obtained from native cotton (Table II). 
In spite of some degradation which is known to take 
place during nitration the cotton samples possessed 
a high degree of uniformity of chain lengths. | 

Convincing evidence for the presence of equally 
spaced acid-sensitive bonds in cellulose is found in 
Gralén’s [12] data on the molecular weights of vari- 
ous cotton samples from sedimentation and diffusion 
in cuprammonium (Table III). The figures in the 
last column are our addition and they reveal an 
amazing, hitherto unsuspected regularity in the 
architecture of cellulose. 

All these remarkable facts strongly indicate that 
(1) native cellulose possesses an indefinitely high 
molecular weight; (2) as a consequence of common 
procedure adhered to by most investigators, native 
cellulose is unintentionally degraded to about D.P. 
3,000, which is then reported as the average molecu- 
lar weight of cellulose ; (3) mild initial acidic degra- 
dation, intentional or accidental, causes further de- 
crease in the D.P. values down to the probable 
limiting value of 2° = 256 with complete loss of the 
tensile strength of the cellulose fiber; (4) the few 
covalent bonds, about 3 per mille, which become 
cleaved during these mild reactions, are equally 
spaced, acid-sensitive linkages, entirely different from 
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TABLE III. 





Cellulose DSP. Unit, 12K256=3:072 
Bleached American linters 3,000 1 
Sulfite cellulose 3,100 1 
Unbleached American linters 9,300 3 
Georgia cotton 10,800 3 
Nettle fibers 11,600 4 
Ramie 12,400 4 
Flax fiber 36,000 12 





*From N. Gralén, Inaugural Dissertation, Uppsala, 1944, 


the regular 1,4-8-glycosidic bonds which are re- 
sponsible for the random hydrolysis of cellulose in 
strongly acidic media. 

In our opinion, these special, acid-sensitive bonds 
are either hemiacetal or true acetal bonds originating 
from the open-chain reducing units of the primary 
chain molecules. Future investigation will undoubt- 
edly reveal what role, if any, should be ascribed to 
open-chain glucose or oligosaccharide molecules in 
the molecular structure of cellulose and starch. At 
present, on the basis of our experimental results, we 
are inclined to believe that at least in cellulose the 
hemiacetal bonds of both the primary chains and the 
smaller sugar molecules are predominating factors 
in creating the weakest links (“‘Lockerstelle’”’) [33] 
in the chains. After elimination of only a few of 
these vitally important bonds, a fabric made of 
native cellulose becomes useless for the purpose for 
which it has been manufactured. This usually occurs 
when the D.P. of the material decreases to about 900. 

The limit hydrocellulose with D.P. 256 has the ap- 
pearance of a fine powder which is resistant to a 
certain degree to the action of fairly strong acids. 
It is one of the most challenging problems why this 
powder, after being converted to viscose rayon, will 
regain its tensile strength and will produce a fiber 
which apparently possesses the same physical and 
chemical qualities as one made by the well-known 
ageing process. The new rayon has exactly the same 
D.P. as the powdery material from which it has been 
produced, but, unlike the latter, it is sensitive to the 
hydrolyzing action of acids. This is undoubtedly the 
consequence of the disintegration during xanthation 
of the original crystallites. By proper orientation and 
crystallization the primary chain molecules may be 
regrouped to give rise to a usable fiber, but it seems 
to be impossible to restore precisely the same num- 
ber and location of the hydrogen bonds which have 
been present in the original crystallites. The result 


MOLECULAR WEIGHTS OF CELLULOSE IN 
CUPRAMMONIUM FROM SEDIMENTATION 
AND DIFFUSION* 


AUGI 


is an 
have 
regul 
uct W 
lose j 
lariti¢ 
ordin 
latter 
initial 
and t 
bonds 


Ex 
starcl 
istic | 
linear 
coexi 
poner 
extrac 
to be 
of oul 
netwc 
ber. 
glycos 
or ace 
or op 
perim 
tory 
sensit 


used t 
which 
hemia 
repres 

In ¢ 
tive tc 





Avucust, 1947 


is an artifact with weakened structure which, as we 
have found in our experiments with organic acids on 
regular viscose rayon, slowly hydrolyzes to a prod- 
uct with D.P. 60 in a random manner, as does cellu- 
lose in strong mineral acid solution. Slight irregu- 
larities in the initial stage of acidic degradation of 
ordinary viscose rayon are understandable since the 
latter is usually made by a process which involves the 
initial oxidative degradation of the pulp in alkali 
and thus permits the survival of a few acid-sensitive 
bonds in the starting material. 


Proposed Structure of Starch 


Extension of our concept of cellulose structure to 
starch leads to the de-emphasis of the present dual- 
istic concept of starch constitution. Whether the 
linear ‘““amylose component” represents a true entity 
with the branched 
ponent,” or is being produced as an artifact during 
extraction or gelatinization of the granules, appears 
to be a matter of secondary importance in the light 
of our concept, which postulates a three-dimensional 
network of glucose anhydride units of indefinite num- 
ber. The latter are held together by regular 1,4-a- 
glycosidic bonds and, at short intervals, by hemiacetal] 
or acetal bonds of open-chain glucose anhydride units 
or open-chain glucose, maltose, etc., molecules. Ex- 
periments which are being carried out in this labora- 
should reveal the true nature of these acid- 
Formula (/V’) for cellulose can be 
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used to illustrate a portion of the starch network in 
which the special unions are shown to be of the 
hemiacetal type, whereas in formula (V) they are 
represented by acetal bonds. 

In either case these linkages are extremely sensi- 
tive to acid-catalyzed hydrolysis, in contradistinction 
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to the regular 1,4-a-glycosidic bonds, which are com- 
paratively stable. We have found that both inorganic 
acids, such as 0.1N sulfuric or 0.05N hydrochloric 
acid, and organic acids, such as formic, citric, and 
even acetic acid, supply oxonium ions in sufficient 
concentration to hydrolyze completely at 80° to 86°C 
these acid-sensitive bonds to produce a material which 
consists of linear molecules only. The materials so 
obtained from various starches show the character- 
istic properties of the “amylose component” (retro- 
gradation, precipitation with polar reagents, blue 
coloration with iodine). Waxy maize starch, which 
is generally believed to be composed entirely of 
branched carbohydrate and is characterized by its 
complete freedom from retrogradation, can be easily 
transformed by our treatment into a homologous mix- 
ture of linear chain molecules. Fractionation of the 
latter resulted in the isolation by retrogradation of 
33 percent of linear molecules from which, by sub- 
fractionation, there was obtained in 5 percent yield a 
linear polymer consisting of chains apparently long 
enough to give blue coloration with iodine. 

Bawn, Hirst, and Young [1] have furnished exper- 
imental evidence which supports the theory that the 
covalent type of bond is the connecting link between 
the repeating units in starch. Although the activa- 
tion energy, E = 20,700 cal., found for the cleavage 
of such bonds is considerably smaller than that re- 
quired for breaking the 1,4-a-glycosidic bond in 
maltose (E = 30,970 cal.) or the bonds in methylated 
inulin (& = 25,500 cal.), the authors concluded that 
it is “of the same order as those for the hydrolysis of 
normal glycosidic linkages.” On this basis they have 
suggested that the reducing OH group of a repeat- 
ing unit of 24-30 glucose residues is joined to the OH 
group in position 6 of a glucose residue in an adjacent 
repeating unit. In our opinion these readily hy- 
drolyzable covalent bonds are of the hemiacetal or 
acetal type. It should be noted with particular in- 
terest that in our proposed formula for starch these 
hemiacetal or acetal types of linkages are not equiva- 
lent among themselves. Consequently, slight differ- 
ence in the respective activation energies may favor 
the acidic or enzymic (“liquefaction” by a-amylase) 
hydrolysis of one or the other species of these un- 
ions, thus conceivably giving rise to the formation of 
1,6-a glycosidic or other similar bonds between two 
adjacent glucose anhydride residues. If this be the 
case, then the alleged presence of 1,6-a-glycosidic 
linkages in starch hydrolyzates is understandable. 
However, just as the formation of the Schardinger 
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dextrins does not prove the chemical structure of 
starch, similarly, the presence of 1,6-, 1,5-, or 1,3- 
glycosidic [25] linkages in a starch artifact cannot 
be used as evidence for the chemical structure of 
the “amylopectin component” of starch. 








Conclusion 






In conclusion, we wish to point out that this new 
concept of cellulose and starch structure, in our 
opinion, eliminates many of the present difficulties 
concerning the interpretation of existing experimental 
facts. It also opens up new possibilities in both 
fundamental and industrial research, and clearly 
shows the road for improvement by employment of 
oxonium-ion pretreated starch and cellulosic ma- 
terials in certain industrial processes. It is very 
probable that in the details our concept will need 
further modifications, which, we hope, will come 
through the common effort of all those who are in- 
terested in these natural high polymers. 
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Hydrolysis of Native Versus Regenerated 
Cellulose Structures 
O. A. Battista and S. Coppick 


Chemical Research Department, American Viscose Corporation, 
Marcus Hook, Pennsylvania 


Abstract 


Milder conditions of hydrolysis than have been heretofore generally used to characterize 
cellulosic structures chemically were employed for the purpose of comparing the hydrolytic 


accessibility of native and regenerated structures, respectively. 


It is assumed that the acces- 


sibility of the fine cellulosic structure is related to the rate of drop of the average degree of 
polymerization of the cellulose with time of treatment. 
Using 5N HCl at 18°C, the following samples of cellulose were evaluated: 


1. Cotton linters and acid-pretreated cotton 


degradative solution and regeneration. 


linters, respectively, before and after non- 


2. Cotton linters and acid-pretreated cotton linters, respectively, before and after swelling in 


18-percent NaOH at 18°C. 


3. Viscose rayons made from cotton linters and acid-pretreated cotton linters, respectively. 





Previous studies by Nickerson [5, 6, 7, 8], and 
Nickerson and Habrle [9, 10] on the hydrolysis and 
catalytic oxidation of cellulose by hydrochloric acid 


in the presence of ferric chloride (2.4N hydrochloric 
acid—O.6M ferric chloride at boil) have revealed 
significant differences in the degree of reactivity of 
cellulose, depending on the history of the sample. 
This kinetic method for measuring cellulose reactivity 
or accessibility assumes that the fine structure may be 
characterized by estimating the free glucose liberated 


under the severe conditions of hydrolysis used. The 
tree glucose is measured as the volume of carbon di- 
oxide gas continuously evolved. 

Conrad and Scroggie [3], using the Nickerson re- 
agent, modified the original technique [5], so as to 
improve the reproducibility of the method with a 
view to applying the improved procedure to a variety 
of viscose rayons and other cellulosic raw materials. 
They found a high degree of correlation between a 
crystallinity number, calculated from x-ray diffrac- 
tion intensity measurements, and the accessibilities of 
the rayons examined and chemically characterized by 
them. 

Lovell and Goldschmid [4] used the Nickerson 
reagent to characterize chemically the effects of 
stretching and coagulation as they are related to the 
crystallinity of regenerated rayon cellulose struc- 
tures. Rather than estimate the hydrolysis-liberated 


glucose by continuously observing the carbon di- 
oxide evolution, these workers preferred to assume 
that the glucose formed on hydrolysis may be de- 
termined by the actual loss in weight of the sample. 

Using boiling 6N HCl and 4N HCl for native cellu- 
lose and regenerated cellulose, respectively, without 
the ferric chloride catalyst of the Nickerson reagent, 
Philipp [11] has characterized chemically the accessi- 
bilities of a number of cellulosic materials by follow- 
ing the loss in weight of the samples with time of 
treatment. 

In the present work, we have endeavored to 
measure cellulose accessibility using milder condi- 
tions than heretofore reported for this purpose. 
Furthermore, we have followed the kinetics of the 
hydrolysis reaction by measuring progressive changes 
in the average basic D.P.’s of the treated samples 
with time. Under milder hydrolytic conditions— 
conditions which do not almost instantly reduce the 
average molecular weight of the cellulose to a very 
low value—the accessibility of the fine supermolecu- 
lar structure should be related to the rate of change 
of the average degree of polymerization with time of 
treatment. 


Experimental Procedure 


All samples of fibrous cellulose were fluffed dry 
in a Waring blender to facilitate the penetration of 





Average Basic D.P. 


HOURS _ TREATMENT _IN SN HCl _at 18°C 


Q 20 40 60 80 100 120 


Fic. 1. Hydrolytic accessibility of native versus re- 


generated cellulose structures. I—Cotton linters before 
regeneration. II—Cotton linters after regeneration. 
I1l—Acid-pretreated * cotton linters before regenera- 
tion. IV—Acid-pretreated * cotton linters after regen- 
eration. 


hydrolyzing acid into the individual fibers. One- 
gram samples in fibrous (native structures), skein 
(continuous rayon structures), or powder (dissolved 
and regenerated) form were used throughout. 

The hydrolysis of the samples was carried out in a 
constant-temperature room at 18°C (+1°). The 
fluffed or finely dispersed samples were immersed in 
100 ml. of 5N HCl at 18°C in 250-ml. stoppered 
sample bottles and allowed to stand for the times 
indicated. The cellulose was then recovered on a 
fritted-glass suction funnel, washed acid-free with 
distilled water, dried, and brought to equilibrium 
moisture content at 58 percent R.H. Basic D.P.’s 
[1] were then determined on the conditioned samples. 
The reproducibility of the basic D.P. measurements is 
+ 2 percent. 

Except for very prolonged treatments at 18°C— 
that is, longer than 3 weeks—the losses in weight 
were never found to be greater than 1 percent. 


* Four hours, 2N H.SO, at 60°C. 
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Method of Solution and Regeneration 


The procedure of dissolving and regenerating the 
samples with a minimum of degradation is the same 
as that used for the fractionation of cellulose from 
cuprammonium solution [2]. 

The cellulose is added to cold (5°C) standard 
cuprammonium solvent in a flask covered with black 


paint to exclude all light. The specifications of the 
standard solvent are: 15.0 g. Cu**/1. (+ 0.1), 200 g. 
NH, /1. (+ 5), and nitrous acid <0.5 g./1. A nitro- 
gen atmosphere is maintained in the ground-glass 
stoppered flask, and the cellulose is dissolved by re- 
volving the flask on the rotating wheel over night 
(15 hours) with the exclusion of all light to give a 1- 
percent solution. Pure electrolytic copper agitators 
are used to facilitate this step and as a further pre- 
caution against degradation [1]. 

The cellulose is regenerated from the solution by 
the addition of a large excess of cold (— 5°C) satu- 
rated rochelle salt solution (sodium potassium tar- 
trate). This precipitates the cellulose in a granular 
form which may be purified readily. 

Cold dilute (2.5-percent) acetic acid is used to re- 
move the copper from the precipitated cellulose, 
after which it is thoroughly washed of all impurities 
with distilled water, oven-dried at 105°C, and 
brought to equilibrium moisture content in a 58 per- 
cent R.H. conditioning room. The basic D.P. of 
the regenerated conditioned sample is then deter- 
mined. 


Results 
The results have been classified as follows: 


Table I: The accessibilities of a cotton linters pulp 
and an acid-degraded cotton linters pulp, respectively, 
to hydrolysis by 5N HCl at 18°C is compared before 
solution and after regeneration. It is apparent from 
these data that the process of solution and regenera- 
tion without degradation has so altered the native 
fine structure of the cellulose as to make the chains in 
the regenerated structure highly accessible to hydro- 
lytic cleavage. In other words, the hydrolyzing acid 
is capable of penetrating into the fine structure of 
the regenerated form more homogeneously and to 
a greater extent than it can in the case of the native 
forms. This evidence points strongly to the pos- 
sibility that the crystalline regions in a native struc- 
ture differ in accessibility from the crystalline re- 
gions in a regenerated structure. 
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TABLE I. Hyprotytic ACCESSIBILITY OF NATIVE vS. REGENERATED CELLULOSE STRUCTURES 











Cotton pulp linters, acid-degraded for 
4 hrs. in 2N H2SO, at 60°C (77) 
(Copper No. = 2.54) 
Average basic D.P. 
Before After 
solution and solution and 
regeneration regeneration 


335 345 
340 260 
321 190 
300 135 
291 100 
288 84 


+ the 
ane 
irom 


Cotton pulp linters (J) 
(Copper No. = 0.06) 


Treatment 


5N HCl 
at 18°C 


Average basic D.P. 
Before After 
solution and solution and 
(hrs.) regeneration regeneration (hrs. ) 


Control 835 824 Control 
8 602 278 8 
48 392 150 24 
334 112 120 
328 102 240 
304 92 480 


Treatment 
5N HCl 


dard at 18°C 








HyprRo_LytTic ACCESSIBILITY OF NATIVE vs. UNDRIED MERCERIZED CELLULOSE STRUCTURES 








Cotton pulp linters, acid- 
degraded for 4 hrs. in 
2N H2SQ, at 60°C (JI) 
Average basic D.P. 
After 2 hrs. 18% 
NaOH at 18°C, 
washed neutral, 
hydrolyzed 
without drying 


340 
293 
284 
203 
170 
141 
120 


Cotton pulp linters (J) 
Average basic D.P. 
After 2 hrs. 18% 
NaOH at 18°C, 
washed neutral, 
hydrolyzed 
without drying 


840 
684 
585 
358 
285 
195 
152 


Treatment 
5N HCl 
at 18°C 

(hrs. ) 


Control 


Before 
merceri- 
zation 
335 
330 
328 
321 
309 
300 
291 


Before 
merceri- 
zation 
835 
780 
745 
477 
392 
334 
328 








TABLE III. Hyprotytic AccEssIBILITY OF REGULAR 
VISCOSE RAYON vs. RAYON MADE FROM ACID- 
DEGRADED Cotton LINTERS (J7) 








Viscose rayon 
made from 
acid-degraded 
cotton linters (77) 


Viscose rayon 
made from 
cotton linters (7) 


Treatment 


5N HCl 
at 18°C 


Average 
basic D.P. 


326 


Average 
(hrs. ) basic D.P. 


Control 505 
24 294 170 

72 184 136 
240 123 67 
496 71 47 





lable IT: The mercerization of a cotton linters by 
means of 18-percent NaOH at 18°C for 2 hours in- 
creased the hydrolytic accessibility of the respective 
structures to an extent intermediate between the ac- 
cessibility found for the native structure per se and 
the regenerated structure after solution and regenera- 
tion (cf. column 3, Table II). It should be em- 
phasized that this conclusion applies to mercerized 


structures which were never allowed to dry after the 
mercerization treatment and prior to the hydrolysis 
treatment. 

The hydrolytic accessibility of acid-degraded (4 
hours in 2N H,SO, at 60°C) cotton linters may be 
increased substantially by swelling the sample in 18- 
percent NaOH for 2 hours, washing out the excess 
alkali, and never allowing the swollen structure to 
dry. In other words, it was possible to destroy most 
of the acid-resistance inherent in an acid-pretreated 
native cellulose structure by swelling the structure in 
alkali (cf. column 5, Table IT). 

Table IIT: Viscose rayons made from cotton linters 
(7) and acid-degraded cotton linters (//) exhibited a 
similar behavior toward hydrolysis by 5N HCl at 
18°C with time of treatment. 


Discussion and Conclusions 


The data demonstrate that the hydrolytic accessi- 
bility of the fine structure of a native cellulose like 
cotton linters is increased substantially by the proc- 
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increased markedly by swelling the samples in 18- 
percent NaOH at 18°C for 2 hours, washing them 
free of alkali, and subjecting them to acid hydrolysis 
before drying them (see Figure 2). 

A viscose rayon prepared from acid-degraded 
cotton linters (//) showed about the same sensitivity 
to acid hydrolysis as a viscose rayon prepared from 


cotton linters which had not received an acid pre- 
treatment (/). 
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(lint) cotton. 


Structure of Cotton Linters 


Charles W. Hock 
Hercules Experiment Station, Hercules Powder Company, Wilmington, Delaware 


Abstract 


The microscopic structure of cotton linters fibers is similar in many respects to that of staple 
There are no pronounced differences between these two types, although in general 







linters fibers are darker, shorter, more nearly cylindrical, and have thicker walls and narrower 


central canals than the staple cotton. 


fibers, consists largely of waxy and pectic materials. 
In some linters fibers this layered pattern is due to the alternation of layers of cellulose 


layers. 


The thin primary wall, which covers the surface of the 


The thick secondary wall is arranged in 


which differ in porosity and density, and in others to the alternation of layers of cellulose with 


layers of noncellulosic material. 
0.4 micron in unswollen fibers. 


fibrils which make an acute angle with respect to the long axis of the fiber. 


The width of individual layers varies roughly between 0.1 and 
The cellulosic layers are further subdivided into fine threadlike 


The orientation 


of the fibrils is not the same in all layers and may even reverse its direction of spiral in a 


single layer. 





Introduction 


In most varieties of commercially grown cotton 
namely, long staple cotton 
The long 





plants two types of fibers 
and linters fibers—develop on the seeds. 
staple cotton, or lint, which is separated from the 
seeds by ginning, is used almost entirely by the textile 
industry. The shorter linters fibers, or fuzz hairs,* 
remain on the seeds after ginning, and are subse- 
quently removed by special delinting procedures. 
These short fibers have diverse uses, the most im- 
portant of which are as padding for mattresses and 
upholstery and as a source of chemical cellulose. Be- 
cause of their greater economic importance the lint 
fibers have been the object of intensive investigation, 
and many papers dealing with their structure and 
properties have appeared in the literature. Linters 
fibers, on the other hand, have not been studied so 
intensively, and our knowledge of them is corre- 
spondingly less. Usually it has been assumed that 
except for certain obvious differences in gross mor- 
phology, particularly in length, linters fibers have a 
structure similar to that of lint cotton. 


*The terminology employed in this paper is intended to 
have the meaning generally used in industry and commerce. 
The term “lint” refers to the staple cotton of commerce. 
When reference is made to cotton linters in mass the entire 
product of the delinting operation is meant—that is, mostly 
tuzz hairs, plus a few long staple cotton fibers, or parts of 
them, which are also recovered during the delinting operation. 
“Linters fibers” as used in this paper means the fuzz hairs 
onty, 


These structural characteristics influence the manner of swelling. 








In order that the effects of processing treatments 
might be better understood, a more satisfactory concept 
of the structure of linters fibers was considered to be 
desirable. Therefore, recently, as part of a larger 
program of research, a number of observations per- 
taining to the microscopic structure of linters were 
The following report is based on the results 
of this work. Some of the observations are new; 
others are included for the sake of completeness or 


to enable comparison with data for lint fibers. 


made. 


Materials and Methods 


Linters samples of first-cut, second-cut, mill-run, 
and hull fiber, and also representative samples of 
seeds from which each had been obtained, were used. 
The linters fractions had been prepared on a com- 
mercial scale by passing cleaned cotton seeds through 
a “linters’” machine, which is similar in basic design 
to a cotton gin. To obtain these fractions, a first cut 
of 20 to 75 pounds of linters per ton of seed is re- 
moved, and then a second cut of 100 to 180 pounds 
per ton of seed is taken. In some mills the linters are 
removed in a single operation (70 to 200 pounds per 
ton of seed); the product in this case is known as 
mill-run linters. In a few mills the small amount of 
fibers left on the seed coat or hull after regular de- 
linting is also recovered. This “hull fiber” fraction 


is obtained by grinding the hulls, after removing them 














O 


Fic. 1. Median sections of cotton seeds. 
the seeds. A—After removal of lint fibers. 
cut linters. Magnification 5 X. 


from the meats, and then separating the fibers 
pneumatically. 

Besides raw or unpurified linters, samples of com- 
mercially purified fibers were also used. The purifi- 
cation consisted essentially of an alkaline digestion 
followed by bleaching. 

Special samples of linters frum known varieties of 
cotton plants and from plants grown in different 
geographical locations were used in some of the ex- 
periments. 

Cuprammonium hydroxide solution was prepared 
according to specifications of the American Chemical 
Society [1]. In order to swell the fibers so as to re- 
veal their microscopic details, a dilute solution of 
cuprammonium hydroxide, prepared by mixing equal 
volumes of cuprammonium reagent and concentrated 
ammonium hydroxide, was used. To aid in revealing 
certain noncellulosic layers of the fibers, an approxi- 
mately 1:5,000 aqueous solution of ruthenium red 
was employed. 


Fiber Development 


A cotton seed consists of two main parts: (1) the 
kernel or meat, which is the inner part of the seed; 
and (2) the seed coat or hull, which is the dark- 
colored shell surrounding the kernel (Figure 1). 


Before photographing, the fibers were brushed from the surface of 
B—After removal of first-cut linters. 


C—After removal of second- 


The cotton fibers are attached to the surface layer, or 
epidermis, of the seed coat (Figure 2). All cotton 
fibers, both lint and linters, are specialized appendages 
of this epidermal layer. Incipient fiber formation 
is recognized by the occurrence of a slight swelling of 
the outer wall of some of the epidermal cells [2]. 













By growth and elongation these swellings form long 
tubular outgrowths which, although only about 15 
microns in diameter, may reach a length several 
thousand times as great. The lint cotton fibers origi- 
nate on the day of flowering or shortly thereafter; 
later, up to 10 days or more after flowering, other 
epidermal cells start to elongate, and these give rise 
to linters fibers [2, 12]. 
forming epidermal cells continues until about 15 to 20 
days after flowering, at which time growth in length 
ceases. The fibers have then reached their maximum 
length, the later-formed ones (linters) never having 
achieved the length of those (lint) which originated 
at the time of flowering. 

During the period of elongation the fibers possess 
only a thin primary wall. After growth in length has 
ceased the thickness of the fiber wall is greatly in- 
creased by deposition of a secondary wall. The sec- 
ondary wall is laid down on the inside of the primary 
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Fic. 2. Linters fibers attached to hull. A piece of 
hull with two attached fibers, taken from a sample of hull 
fiber. Magnification 130 x. 
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]. wall, thereby decreasing the size of the central canal 

ig | or lumen, which contains the protoplasm. Increase 

{5 in wall thickness continues for several weeks, the 

al length of time depending on genetic and environ- 

i- mental factors, when the cotton boll opens and the 

” fibers dry up and die. 

T 

a Fiber Morphology 

r- Gross Structure of Linters Fibers 

| 

0 The characteristics which distinguish linters fibers 

h from lint are not sharp, and, as might be expected, 

, all exact separation of the two types does not occur 

5 during ginning. In general, linters fibers are darker, 

(| shorter, and coarser than lint. Whereas lint fibers 
are often an inch or more in length, linters fibers 

S rarely exceed a few eighths of an inch. Although the 

5 dimensions of linters vary, certain limitations can, 





nevertheless, be placed on their size. They are, as a 
tule, slightly greater in diameter than lint fibers, 
those measured in this study ranging from 15 to 20 
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microns. In samples of commercial linters, fiber 
length varies, depending on the grade. For example, 
the average fiber length of several commercial grades 
was as follows: first-cut samples—3.1 mm.; second- 
cut samples—2.3 mm.; mill-run samples—2.8 mm.; 
and hull-fiber samples—1.9 mm. The longer fibers 
which are found occasionally in linters samples are 
evidently lint fibers or parts thereof which were not 
removed during ginning, inasmuch as they have the 
characteristic ribbon-like form and the relatively thin 
walls of lint fibers. Most of the fibers in samples of 
commercial linters are, however, true linters fibers. 
They are more nearly cylindrical than lint cotton, 
and, contrary to the opinion sometimes expressed in 
the literature, they have thicker walls and narrower 
central canals than lint fibers (Figure 3, A and B). 
At their distal ends they taper to a point. At their 
basal ends the fibers are either open as a result of 
breaking away from the seed coat during delinting, 




















Fic. 3. Types of fibers found in samples of com- 
mercial linters. A—Part of lint fiber, showing rela- 
tively thin wall and medium-sized central canal. Mag- 
nification 200 xX. B—Part of linters fiber, showing 
thick wall and narrow central canal. Magnification 
200 X. C—Short linters fiber, showing tapering end 


and epidermal cell. Magnification 95 xX. 
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or they have the mother epidermal cell still attached 
to the fiber. Where the epidermal cell remains at- 
tached to the elongated fiber (Figure 3C) the latter is 
found to be narrower than the epidermal cell of which 
it is an outgrowth, and to be separated from it by a 
constricted region. 


Primary Wall 


Aside from certain relative differences in gross 
morphology already noted, the microscopic structure 
of linters fibers was found to be similar in many re- 
spects to that of staple cotton. As in lint fibers, the 
primary wall is a thin layer about 0.5 micron thick, 
which covers the surface of the fiber. It consists 
largely of materials of a waxy and pectic nature. 
Raw cotton linters contain, for example, 0.5—-1.0 per- 
cent of materials which can be extracted with com- 
mon organic solvents and about 1.0 percent pectic 
substances, most of which appear to be located in the 
primary wall. When raw linters are placed in a sol- 
vent for cellulose, such as cuprammonium hydroxide 
solution, the cellulose dissolves, leaving the primary 
wall as a more or less tubular isotropic residue 


(Figure 4). 


Layered Pattern of Secondary Wall 


Nearly all of the cellulose in linters fibers is lo- 
cated in the secondary wall. Swelling of the fibers in 
appropriate media reveals that the secondary wall is 
made up of layers. In longitudinal view these layers 
appear as stripes running parallel to the long axis of 
the fiber and extending from the central canal to the 
primary wall. In cross-sectional view they look like 
concentric circles. In other words, the layers of 
which the secondary wall is composed are, in reality, 
concentric tubes. The width of individual layers 
varies ; it is estimated to be between 0.1 and 0.4 mi- 
cron in unswollen fibers. Their width was calculated 
by dividing the thickness of the wall of the unswollen 
fiber by the number of layers counted after swelling. 
In some linters fibers the layered pattern is due to 
the alternation of layers of cellulose which differ in 
porosity and in density (Figure 5A), and in others it 
is due to the alternation of layers of cellulose with 
layers of noncellulosic constituents (Figure 5B). 
In either case alternating layers appear bright or dark 
as observed between crossed nicols. The total num- 
ber of layers (both cellulosic and noncellulosic) in 
the secondary wall of the samples of commercial lin- 


ters fibers which were examined averaged 44, a 
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figure which corresponds to the number of layers 
previously counted in mature lint fibers [9]. Kerr 
[10] has demonstrated that in lint cotton in which the 
layered pattern of the wall is due to the alternatioii oj 
layers of cellulose which differ in porosity and den- 
sity two adjacent layers—one compact and one porous 
are laid down every 24 hours during the period oj 
secondary wall formation. 





Thus, two adjacent 
layers constitute a “daily growth ring.” Assuming 
that a similar relationship prevails during the growth 
of linters fibers, it can be deduced from the number 
of layers counted that secondary wall formation con- 
tinued for an average of 22 days. Finally, the num- 
ber of growth rings in staple and linters fibers from 
a single seed was identical. 


“Green Lint’ Structure 


In most varieties of commercial lint the noncellu- 
losic constituents appear to be confined to the pri- 
mary wall and to the central canal. There are, how- 
ever, genetic strains of cotton in which noncellulosic 
components are also present in the secondary wall. 
Among these strains is one of low quality known as 
“green lint,” in which Kerr [10] found noncellulosic 
materials in the porous zones of the growth rings. 
Similarly, in his studies of cotton Balls [4] stated 
that in comparison with lint the growth rings in 
fuzz hairs are more striking, comparatively thick, and 
are separated from one another by a boundary of 





Fic. 4. Primary wall from part of single fiber after 
removal of cellulose by treatment with cuprammonium 
hydroxide solution. Some protoplasmic residue remains 
in the central canal. Magnification 220 x. 
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difierent material. The noncellulosic layers, which 
in this study were observed in the secondary wall of 
linters fibers, apparently correspond to those men- 
tioned by Balls and seem to be similar in a number of 
respects to those observed by Kerr in green-lint 
staple. The noncellulosic layers in linters fibers were 
stained by aqueous solutions of ruthenium red, but 
gave negative phloroglucin and Maule tests for lignin. 
They persisted in fibers which had been extracted 
with either hot 95-percent ethanol, absolute methanol, 
or absolute ether. The removal of a small amount of 
material from the noncellulosic layers as a result 
of solvent extraction would not, of course, have been 
detected microscopically. The layers were, however, 
substantially removed by treating the fibers with 
hot 2-percent solution of sodium hydroxide. In 
cuprammonium reagent or in 72-percent sulfuric acid 
the noncellulosic layers persisted as an_ isotropic 
residue. 

The number of noncellulosic layers which occur in 
the secondary wall of raw linters fibers varies. In 
some fibers they occur throughout the width of the 
secondary wall—that is, from the central canal to the 
primary wall—but more frequently they alternate 
only with the layers of cellulose near the central 
canal. The width of these layers varied, but it was 
of the order of several tenths of a micron. 
transverse sections of fibers the noncellulosic layers 
were uneven in outline (Figure 6), and, as observed 
in surface view after dissolution of the cellulose, they 
presented a negative replica of the adjacent cellulose 
lavers which had been removed. 


In swollen 
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Fic. 6. Noncellulosic layers in secondary wall. Cross 
section of raw linters fiber swollen in cuprammonium 
hydroxide solution to show the noncellulosic layers in 
the secondary wall. Magnification 800 x. 


Fic. 5. Layered structure of secondary wall. A— 
Pattern caused by alternation of layers of cellulose dif- 
fering in porosity and density. Treated with dilute. cu- 
prammonium hydroxide solution. Magnification 265 X. 
B—Pattern caused by alternation of layers of cellulose 
with layers of noncellulosic material. Treated with 
dilute cuprammonium hydroxide solution; stained with 
ruthenium red. Magnification 145 x. 


The number of linters fibers which show green-lint 
structure varies in different samples. . In samples 
obtained from seven different varieties of cotton 
plants, the percentage of fibers which showed non- 
cellulosic layers in the secondary wall ranged from 7 - 
to 33, indicating that linters samples may differ 
widely in this respect. In general, the shorter linters 
showed this structure more frequently. Of the 
linters fibers attached to a single seed, some had a 


green-lint structure whereas others did not. 


Fibrillate Structure 

The cellulosic layers of the secondary wall are 
further subdivided into fine threadlike fibrils which 
are oriented at an acute angle with respect to the 
long axis of the fiber. Following the terminology 
used in describing the structure of lint fibers, the 
outermost layer of fibrils in the secondary wall— 
that is, the first layer laid down upon initiation of 
secondary thickening—is called the winding [9]. 
This layer, as pointed out by Kerr [11], is homolo- 


gous with the outer layer of the secondary thickening 
in wood fibers, and cannot, as suggested by Rollins 
[13], with equal justification be considered the in- 
ner layer of the primary wall. 
the fibrils in the other cellulosic layers, the winding is 
somewhat coarser, shows less tendency toward lateral 


In comparison with 


cohesion, and spirals around the fiber at a wider 
angle. In ramie, where a corresponding winding 
exists [8], Frey-Wyssling [7] observed that after 











Fic. 7. Fibrillate structure of the secondary wall. 
A—Purified fiber swollen to show winding at surface 
and bulk of fibrils beneath. Magnification 195 X. B— 
Swollen purified fiber showing reversal of winding. 
Magnification 195 X. C—Unswollen fiber photographed 
between crossed nicols to show region of extinction. 
Magnification 370 X. 


impregnation of the fibers with silver their outer 
edges, unlike the remainder of the fiber, often were 
colorless, thereby suggesting a further difference, 
probably submicroscopic, between the winding and 
the bulk of the fibrils. 

The angle which the fibrils make with the fiber axis 
was determined, approximately, by microscopical ob- 
servations of intact and of slightly swollen fibers. 
As shown by Bailey and Berkley [3] in a study of 
the orientation of cellulose in the secondary wall of 
tracheids, there is a close correlation between fibril 
orientation as evidenced by microscopically visible 
striations, optical anisotropy, swelling anisotropy, pre- 
determined planes of hydrolysis, and x-ray diffraction 
patterns. In cotton linters fibers the bulk of the fibrils 
are oriented at an angle of less than 45 degrees, with 
variations occurring in different layers of the same 
fiber. Furthermore, the direction of orientation may 
be reversed in a single layer, changing from an S to a 
Z spiral * at irregular intervals along the fiber axis 


* Fibrils are said to have an S spiral if, when the fiber is 
placed in a vertical position, the spiral conforms in slope 
to the central part of the letter S, and a Z spiral if the 
slope conforms to the central part of the letter Z. Follow- 
ing a helpful suggestion from Kerr [11], “S spiral” and 
“Z spiral” are substituted for S and Z “twist,” as used 
previously [9]. 
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(Figure 7, A and B). In agreement with the con- 
dition in lint previously described [9], the fibrils in 
the layer just beneath the winding appeared, in so 
far as could be observed, to spiral in a direction op- 
posite to that of the winding, with reversal of direc- 
tion occurring simultaneously in both layers. Froma 
study of lint cotton taken from bolls 2 to 5 days after 
the beginning of secondary deposition, Kerr [11] con- 
cluded that the points of reversal in the winding and 
in the other layers of the secondary wall do not always 
coincide, there being certain places along the length of 
the fiber where all the layers of the secondary wall 
spiral in the same direction. In either case, the fibrils 
laid down subsequent to the deposition of the winding 
appear to spiral in the same general direction. 
When examined between crossed nicols, the bire- 
fringence of unswollen linters fibers is sometimes in- 
terrupted by extinction bands, which are observable 
when the fibers are placed approximately parallel to 
the plane of vibration of light passing through one oi 
the nicol prisms (Figure 7C). The regions of ex- 
tinction occur at irregular intervals along the fiber 
axis. They were less clearly defined in linters fibers 
than in staple, and, possibly because of the differences 
in fiber length, occur less frequently in the linters. 
By examination of the fibers during swelling it may be 
seen that the bands of extinction observed between 
crossed nicols coincide with the points where the 
fibrils reverse their direction of orientation. The 
number of extinctions observed in a single fiber cor- 
responds with the number of places at which the bulk 
of the fibrils change their direction of orientation. 































Fiber Structure and Its Relation to Swelling 






The swelling behavior of linters fibers is greatly 
influenced by their structure, as well as by the char- 
acter of the swelling medium. When, for example, 
raw fibers are placed in mild swelling reagents for 
cellulose, such as a low concentration of caustic or if 
very dilute cuprammonium solution, expansion of 


the secondary wall is not necessarily accompanied by 
Owing 














a corresponding increase in fiber diameter. 
to the restricting action of the primary wall, whose 
noncellulosic constituents are not markedly affected 
by these swelling reagents, the secondary wall is 
forced to expand centripetally, and in so doing it de- 
creases the bore of the central canal. As the concet- 
tration of the swelling agent is increased, particularly 
in the case of cuprammonium hydroxide, the familiar 
phenomenon of balloon formation occurs—that is, the 
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Fic. 8. 
loon” structures. 


Swelling of raw linters fibers in cuprammonium solution. 
Magnification 120 X. B—Single fiber showing “balloon” swellings. 


A—Group of swollen fibers showing “bal- 
Magnification 250 x. 


C—Fragmented primary walls which remain after dissolution of the cellulose in the secondary wall. Magnifica- 


tion 250 X. 


fibers swell unevenly, forming bulbous protuber-. 


ances along the fiber axis (Figure 8A). During the 


Fic. 9. Swelling of purified linters fibers. A—Un- 
evenly swollen fiber showing incipient balloon formation. 
Magnification 250 x. B—Single fiber showing balloon 
formation. Magnification 250 x. 


course of this reaction the cellulose in the secondary 
wall swells sufficiently to cause the primary wall to 
burst. As the expanding cellulose pushes its way 
through these tears in the primary wall, the latter 
rolls back in such a way as to form collars, rings, or 
spirals which restrict the uniform expansion of the 
fiber (Figure 8B). This type of swelling also occurs 
in full-strength cuprammonium reagent, but the stage 
of balloon formation is ephemeral because the cellu- 
lose is rapidly dissolved, leaving the fragmented pri- 
mary wall as a residue (Figure 8C). 

The manner of swelling is also influenced by pre- 
treatments which affect the properties of the primary 
wall. For instance, in cotton lint which had been 
treated with nitrogen dioxide Rollins [13] observed 
that subsequent swelling in cuprammonium did not 
cause balloon formation. Swelling was more uniform, 
with spiral splitting occurring more or less uniformly 
throughout the length of the fiber. Similarly, me- 
chanical and scouring treatnients affect the primary 
wall and hence the manner and the extent of swelling 
[5, 6]. Of greater interest, however, is the fact 
that purified linters fibers, from which the primary 
wall has been removed, also exhibit irregular swell- 
ing and balloon formation (Figure 9, A and B). This 
ballooning is especially likely to occur under marginal 
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swelling conditions, as when purified linters are 
placed in diluted cuprammonium hydroxide solution. 
In these fibers it is the outermost layer of fibrils in 
the secondary wall—that is, the winding—which 
restricts lateral expansion. Because of the manner of 
orientation of cellulose in the fiber wall, the greatest 
swelling occurs perpendicularly to the fiber axis, 
while at the same time there is a decrease in fiber 
length. As these changes in length and in width take 
place, the winding often assumes a more nearly 
transverse position and becomes clumped at nodes. 
The uniform lateral expansion of the fiber is then 
hindered by the winding because it does not expand 
freely in that direction. It is interesting to note, 
furthermore, that the constrictions between adjacent 
balloons usually coincide with the points at which the 
fibrils reverse their direction of orientation. 

These observations on the effect of fiber structure 
on swelling are substantially the same as those de- 
scribed previously for cotton lint [9]. In agreement 
with those of Kerr [11], they show that both the pri- 
mary wall and the winding play a role in restricting 
the uniform lateral expansion of the fiber. Although 
this type of swelling has been studied in greatest de- 
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tail in cuprammonium solutions, it has also been ob- 
served in other swelling agents of industrial impor- 





tance. 
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Effect of Alternate Heating and Cooling on the 
" Breaking Strength and Elongation of 


uiOse 


"9 Cotton and Rayon Tire Cords 


1. 30, Walter S. Lewis 


any Southern Regional Research Laboratory,* New Orleans, Louisiana 


Lon- Abstract 


Six different tire cords, including one mercerized and two unmercerized cottons, and three 
16. rayons, were subjected to alternate heating for 16 hours at 205°F and then cooling for 8 hours 
in a room temperature of 70°F and 65 percent relative humidity. The effects of these treat- 
ments on the tenacity (grams per denier) and elongation were determined at the end of 1, 24, 
36, and 48 heating periods. Tests were conducted on the cords in the oven-dry state, and also 
after conditioning in a standard atmosphere of 65 percent relative humidity at 70°F. Elonga- 
tions at breaking load were read from the charts measuring from the point where the pen first 
registers and also from the point where it leaves the axis. 

In all tenacity tests the mercerized cotton cord showed the greatest resistance to change, and 
was generally followed by one of the rayons. The unmercerized cotton cords gave better re- 
tention of tenacity than the other two rayon cords under standard conditions of test, but this 
order was reversed under oven-dry conditions. All the rayons exhibited higher initial elonga- 
tions and, with one exception, greater losses on heating and cooling than did the cottons. The 
two methods of measuring elongation gave a slightly different order of rankings of the cords. . 

The degrees of polymerization of the cellulose changed after 48 heating and cooling cycles 
from 2400 to 385 for Wilds 13 unmercerized cotton cord, from 2360 to 310 for the Wilds 13 


mercerized cotton cord, and from 430 to 129 for the rayon cords. 


ALTHOUGH considerable information is avail- 
able on the action of heat on textile materials, none 


has been found that shows how alternate heating and 
cooling may affect the strength and elongation of tire 
cord. The purpose of the present investigation was 
to observe the effect of cyclic heating and cooling 
upon the strength and elongation of unstressed cot- 
ton and rayon tire cords, measured under standard 
atmospheric and oven-dry conditions. Other perti- 
nent information was obtained on the behavior of 
these cords. 


Materials and Test Procedures 


Three cotton and 3 rayon cords were used in this 
study. Two of the cotton cords were of 23/4/3 con- 


made from 1{-inch  staple-length 
Stoneville 2B, and the other from 1%-inch staple- 


length Wilds 13. 


were spun in this laboratory, and then plied and 


struction: one 


The single yarns of these cords 


One of the laboratories of the Bureau of Agricultural 
and Industrial Chemistry, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. 





cabled in a cotton-tire-cord manufacturing plant. 
The third cotton cord was an experimental mer- 
cerized 17/4/3 cord made entirely in this laboratory 
from 17-inch staple-length Wilds 13 cotton. All 
the rayon cords were of 1100/2 construction, each 
representative of a commercial product of three lead- 
ing manufacturers of this country. 

Some of the physical characteristics of these 6 
cords are shown in Table I. These properties were 
determined after 3 days’ exposure of the cords to a 
standard atmosphere of 65 percent relative humidity 
at 70°F. Tests were conducted in accordance with 
standard procedures of the American Society for 
Testing Materials, using a Scott pendulum-type ten- 
sile-strength tester provided with autographic re- 
corder. Each test result given in Table I and in 
subsequent tables is the average of 10 determinations. 

Since the cord numbers of the cotton and rayon 
cords are appreciably different, the breaking loads 
are best presented in terms of tenacity (strength per 
unit weight) for purposes of comparison. In this 
study, tenacity is expressed as grams per denier. 
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Fic. 1. Two methods of reading elongation: from 


point A or B. 


The cords were subjected to continuous cycles of 
heating and cooling, each cycle comprising 16 hours 
of heating at 265°F in an electrically heated forced 
draft oven, and 8 hours’ exposure to the standard 
atmosphere. This temperature was selected because 
it is probably near the maximum that tires will sus- 


tain without failure. 
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BREAKING LOAD (GRAMS PER DENIER ) 


24 36 48 
= CYCLES ome 


HEATING 


Rac. 2. 


STONEVILLE 2B 


MERCERIZED 


Effect of alternate heating and cooling up on the breaking load of cotton and rayon tire cords. 


Breaking load and elongation were determired 
after one heating; and after 24, 36, and 48 cycles 
under both standard and oven-dry* conditions. 
Elongations are expressed in percentages, and were 
measured from the recording chart at cord rupture 
in two ways: (a) from the point where the pen first 
registers, and (b) from the point where it leaves the 
axis, as illustrated in Figure 1. These will be re- 
ferred to as “A” and “B” elongations, respectively, 


Tenacity 


The effects of repeated cycles of treatments on the 
tenacity of the different cords are shown in Table II 
and Figure 2. When tenacity was determined under 
standard conditions, one heating apparently had no 





* A large-mouth 500-ml. bottle was used for each set of 10 
samples. One end of each sample extended slightly out of 
the bottle. After the prescribed heating, the bottle mouth 
was plugged with hot raw cotton; the bottle was removed 
from the oven, and one sample at a time was withdrawn and 
quickly tested for breaking load and elongation in standard 
atmosphere. 
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Stoneville 2B 


Cotton cords 


Wilds 13 


Description of test 23/4/3 23/4/3 
1 2 
Cotton cord number 1.63 1.56 
Gage (in.) 0.0270 0.0277 
Moisture regain (%) 8.77 8.62 
Breaking load (lb.) 15.85 19.35 
Tenacity (g./den.) 2:31 2.58 
Songer fat 10 Ib. 6.3 57 
Percent elongation ¢ 89 90 


|at break 








Rayon cords 


433 





‘ABLE I. PxrysicaL PROPERTIES OF COTTON AND RAYON TIRE Corps UNDER STANDARD ATMOSPHERIC CONDITIONS 


Mercerized 
17/4/3 1100/2 construction 
J 4 5 6 
1.16 2.06 2A2 2.42 
0.0307 0.0216 0.0232 0.0216 
10.00 14.76 14.23 14.69 
21.38 12.80 11.85 13.20 
242 P25 ZA5 2.39 
4.1 10.5 12.9 9.5 
8.7 14.3 15.3 13.0 

















Morte: 17/4/3 mercerized cord 


significant effect on the strength of either the cotton 
or rayon cords, but under oven-dry conditions the 
rayon cords were appreciably stronger. Because of 
the latter results, the values obtained after one heat- 
ing of 16 hours were used as a basis for calculating 
and comparing subsequent percent losses for both 
methods of test. The cyclic treatments produced 
tenacity losses which differ materially in the different 
cords, not only after each series of cycles, but also 


by the two conditions of tests. Under standard 


conditions of test the relative order of the cord tenaci- 
ties varied considerably up to 48 cycles, but by the 
oven-dry condition their relationship remained the 
As shown in Table IT, 


same from 24 to 48 cycles. 





TABLE II. Errecr or Cyctic HEATING AND COOLING ON THE TENACITY (GRAMS PER DENIER) OF TIRE CORD 


was made from Wilds 13 cotton. 





however, the percentage losses in tenacity after 48 
heatings were less when the cords were tested under 
oven-dry conditions, ranging from 42 to 60 percent, 
as compared to from 50 to 71 percent under standard 
conditions. In all the tests, the mercerized cotton 
cord No. 3 shows the least percentage loss, and with 
one exception is always followed by No. 4 rayon 
cord. In actual tenacity values, the final strengths of 
these two cords are the same under standard condi- 
tions, but the rayon is stronger by the oven-dry 
method. The initial strength of this rayon cord was 
higher by both methods of test. Unmercerized cot- 
ton cords Nos. 1 and 2 and the rayon cords Nos. 5 
and 6 reverse relative positions under the two test 














Number of heating and Loss in tenacity from 





Heated 
16 hrs. 

Methods of test and tire Unheated at 
cord designations cord 265°F 


Standard atmos pheret 
Cotton cord 


cooling cycles* 


Grams per denier 


1—23/4/3 Stoneville 2B 221 2.10 

2—23/4/3 Wilds 13 2.58 2.39 

3—17/4/3 mercerized 2.12 2.04 
Rayon cord—1100/2 

4 2.25 as 

5 245 v2 Vy | 

6 2.39 2.50 


Oven-dryt 
Cotton cord 





1—23/4/3 Stoneville 2B 2.05 

2—23/4/3 Wilds 13 2.39 

3—17/4/3 mercerized FA 
Rayon cord—1100/2 

4 3.33 

5 2.83 

6 3.16 


one heating to: 


24 36 48 
24 36 48 cycles cycles _ cycles 
Percent 
$15 0.98 0.80 45.2 53.3 61.9 
1.38 1.16 0.89 42.2 51.5 62.8 
1.22 1b S 1.02 40.2 44.6 50.0 
beat 1.16 1.02 45.5 50.2 56.2 
1.05 0.94 0.73 51.6 56.7 66.4 
1.07 0.92 0.73 57.2 63.2 70.8 







1.32 1.06 0.87 35.6 48.3 57.6 
Lo] 1.17 0.95 36.8 51.0 60.2 
1.64 137 1.24 22.6 35.4 41.5 
2.43 2.09 1.79 27.0 37.2 46.2 
1.98 1.66 . 30.0 41.3 53.7 
2.23 1.78 1.43 29.4 43.7 54.7 





+ Exposed to this atmosphere at least 24 hours before testing. 


t See footnote, page 432. 


* Each cycle consisted of 16 hours’ heating at 265°F, and 8 hours’ cooling in standard atmosphere. 
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\- 23/4/3 
COTTON— 2- 23/4/3 
3-17/4/3 


1100/2 4 
RAYON 





ELONGATION AT BREAKING LOAD 


PERCENT 





== CYCLES ve 


HEATING 
HAG:3; 


conditions, the cotton cords appearing more resistant 
when tested by the standard method, and the rayon 
cords showing greater resistance in the oven-dry 


state. 
Elongation 


The percentage elongations at breaking load are 
given in Table III and illustrated in Figures 3 and 4. 
The results obtained under standard conditions indi- 
cate that one heating increases somewhat the elonga- 
tion of the mercerized cotton cord and the three 
rayon cords, but has no significant effect on the two 
unmercerized cotton cords; the elongations deter- 
mined under oven-dry conditions are considerably 
less for rayon cords, slightly less for unmercerized 
cotton cords, and slightly more for the mercerized 
cotton cord. The values observed after 16 hours’ 
heating are again used as a basis for calculating 
subsequent percent changes by both methods of test. 

Effects of alternate heating and cooling of the 
cords were somewhat less pronounced when the cords 
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READING FROM(B) SEE FIG. | 
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Elongation measured under standard atmosphere conditions. 


were tested under oven-dry conditions, the cotton 
cords losing on an average about 3.5 percent after 48 
cyclic treatments and “A” elongation readings, while 
the rayon cords lost about 58 percent; for standard 
conditions the corresponding changes were 28 per- 
cent for the cottons and 51 percent for the rayons. 
The average changes by “B” elongation readings for 
oven-dry cords were somewhat less than 30 percent 
for the cottons and over 60 percent for the rayons; 
under standard conditions, the “B” elongation of the 
rayon cord No. 4 was least affected of all cords. It 
lost 42 percent, compared to 52 to 60 percent for the 
three cottons, and 62 to 68 percent for the other 
two rayons. 

The curves in Figure 4, which probably present 
more nearly the conditions of cords in tire service 
than do those in Figure 3, bring out striking differ- 
ences between cotton and rayon cords. The “A” 
elongations of the cotton cords appear to remain 
practically stable during all the cyclic treatments, 
and this was also true for “B” elongations up to 36 
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Fic. 4. Elongation measured under oven-dry conditions. 


TABLE III. Errect or Cyctic HEATING AND COOLING ON THE ELONGATION (PERCENT) AT BREAKING LOAD OF TIRE CORD 


Based upon readings from A (see Fig. 1) Based upon readings from B (see Fig. 1) 
Heated Number of Decrease Heated Number of Decrease 
Methods of test Un- 16 hrs. heating and from 1 Un- 16 hrs. heating and from 1 

and tire cord heated at cooling cycles* heating to heated at cooling cycles* heating to 

designations cord 265°F 24 36 48 48cycles cord 265°F 24 36 48 48cycles 

(Percent) (Percent) 

Standard atmosphere 

Cotton cord 
1—23/4/3 
2—23/4/3 
3—17/4/3 


Rayon cord—1100/2 


Oven-dry 
Cotton cord 
1—23/4/3 
2—23/4/3 
3—17/4/3 
Rayon cord—1100/2 
1 d io 5. ot 11.8 
1 ie Bs 2 4.6 58.9 10.4 
1 4.0 60.8 9.5 





* Each cycle consisted of 16 hours’ heating at 265°F, and 8 hours’ cooling in standard atmosphere, 
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TABLE IV. Errect or Cycitic HEATING AND COOLING 
Upon FLurpiry MEASUREMENTS OF COTTON 
AND RAYON TIRE CorD 





Estimatedt 
Fluid- degree of 
ity in polymeri- 


Tire cord Treatment* rhest zation 

No. 2—23/4/3 Wilds 13, Unheated 2.02 2400 
cotton 48 heatings 38.2 385 

No. 3—17/4/3 Wilds 13, Unheated 2:42 2360 
mercerized cotton 48 heatings 43.5 310 






No. 4—1100/2 rayon Unheated 35.4 427 
48 heatings 60.5 129 
No. 5—1100/2 rayon Unheated 35.6 424 
48 heatings 60.4 129 
No. 6—1100/2 rayon Unheated 34.5 439 
48 heatings 60.4 129 





* Each heating comprised 16 hours’ heating at 265°F 
(129°C), followed by 8 hours of cooling in standard atmos- 
phere. 

+ These values were determined in cuprammonium solutions 
containing 0.5 gram of cellulose per 100 ml. and adjusted to a 
velocity gradient of 500 reciprocal seconds [1, 2]. 

t Based upon the Philippoff [3] concentration extrapolation 
formula, and Kraemer’s [4] ratio, 260, of D.P. to intrinsic 


viscosity. 


cycles, when they decreased at about the same rate 
as the rayons. In the over-all picture of rayon cord 
behavior, elongation was reduced rapidly with in- 
creasing cycles by both types of. measurement. 


Fluidity 


The results of the fluidity measurements (Table 
IV) show rather extensive deterioration brought 
about by the heatings. The unheated Wilds 13 cot- 
ton has a very normal value for the fluidity in cu- 
prammonium solution—namely, 2.02 rhes. It will 
be seen that mercerization resulted in a very slight 
increase in fluidity to 2.12 rhes. The heatings at 
265°F greatly increased the fluidity, as would be 
expected, the unmercerized Wilds going to 38.2 
rhes, the mercerized Wilds going even further to 
43.5 rhes. Fluidity measurements were not deter- 
mined upon No. 2-23/4/3 Stoneville 2B cotton as 
this heated cord sample was mistakenly thrown away. 
The unheated rayons show about the usual fluidity 
values to be expected for this type of rayon, and 
after 48 heatings their fluidity values increased very 
uniformly to slightly over 60 rhes. 

An approximation of the degree of polymerization 
It is noted that the values for the 





has been made. 








TEXTILE RESEARCH JOURNAL 


three cotton cords after the 48 cycles of heating and 
cooling have deteriorated to a level below those for 
the unheated rayon, and that the heating reduced the 
degree of polymerization of the rayon almost to the 
brittle stage (50—100 D.P.). 


Moisture Regain 


The effects of the 48 cyclic treatments on the 
moisture regains of the different cords were as 





follows: 
After 48 Percent 
Initial treatments loss 
Cotton, not mercerized 8.5% 6.2% 27 
Cotton, mercerized 10.0% 74% 26 
Rayon 14.6% 11.6% 21 


These results indicate that the heating and cooling 
cycles had somewhat less effect upon rayon than 
upon cotton, but the changes in this property are 
appreciable for all the cords. 


Discussion 


The results obtained must be considered only as 
contributing to our general knowledge of the be- 
havior of rayon and cotton tire cords when sub- 
jected to the action of alternate heating and cooling 
while exposed to the air. Since the cyclic treat- 
ments were applied to loose cord, the results of 
these laboratory tests are not necessarily the same 
that would be obtained upon cords in a tire under 
service conditions. 

The tests were designed to furnish unusual in- 
formation that may be desirable for evaluating the 
physical properties of different types of cords. Mois- 
ture regain is especially important in determining 
textile properties, for it affects the various fibers 
differently. Therefore, as one cause of tire failure 
is the subjection of the encased cords to elevated 
temperatures, considerable thought has been given 
in testing to approximate the low moisture content 
that probably prevails at the time of such failure. 
For this reason it is usual to test tire cords under 
oven-dry as well as under standard conditions. ‘The 
comparative results recorded here illustrate the pos- 
sibility of changing the relative ranks of different 
cords when tested under these two conditions. 

When measuring elongation, it is customary to 
report readings from the point where the pen first 
registers on the chart. Some laboratories also record 
elongation measured from the point where the pen 
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leaves the axis. It would appear desirable to make 
note of both values for more complete information 
on the elongation characteristics of the cord. 
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Studies on Rayon Dyeing: Applications of the 
Dyeometer* 


G. L. Royer, H. R. McCleary, and J. M. A. de Bruyne 


Calco Chemical Division, American Cyanamid Company, Bound Brook, New Jersey 


Iv a paper published recently by Kienle, Royer, 
and McCleary [10] an instrument called the “Dye- 
ometer” was described in detail. This instrument, 
when used in conjunction with a photometric meas- 
uring device, gives data on changes in the strength 
and color of a dye bath during the course of a dye- 
ing. The versatility and convenience of the Dye- 
ometer, together with the quantitative data it pro- 
vides, make the instrument well suited for the study 
of a variety of problems involving dyes and textile 
fibers. In the present investigation the Dyeometer 


has been applied to quantitative studies of rayon 
dyeing. 

Knowledge of the rate at which dye transfers to 
the fiber from the dye bath is essential to an under- 
Boulton, Delph, 


Fothergill, and Morton [3] have stated that “pos- 


standing of the dyeing process. 


sibly the most important factor to be considered in 
the dyeing process is speed.” Boulton and coworkers 
|1, 2, 5] have made extensive use of rate-of-dyeing 
measurements in classifying a large number of direct 
dyes in the order of their diffusion rates. Lemin, 
Vickers, and Vickerstaff [11], on the other hand, 
have emphasized the importance of rate of migration, 
or leveling, and have classified direct dyes on this 
basis. 

In our investigations we have been concerned with 
(1) a comparison of the dyeing properties of various 
rayons, and (2) a quantitative study of some of the 
dyeing conditions in the dyeing of rayon. One dye 

namely, Calcomine Sky Blue FF, Extra Cone. 
(C.I. 518)—was therefore sufficient for our com- 
parisons. No attempt was made to cover rayon dye- 
ing phenomena completely. Furthermore, no data 
are included on the color value of the dyed yarns, 
although this is an important factor, since the color 


* This paper was presented by G. L. Royer before the 
Manchester Section of the Society of Dyers and Colourists 
in England on April 25, 1947, and published in the August, 
1947, issue of the Journal of that Society. 


value depends on the physical structure of the yarn 
and varies from one yarn to another. 


Apparatus and Procedure 


The Dyeometer, which was developed in our lab- 
oratories over a period of several years, is shown in 
Figure 1. It consists of two all-glass units, the dye- 
bath chamber and the cell unit, connected by an 
interchangeable ground-glass joint. Several inter- 
changeable cell units of various cell lengths may be 
used to suit the convenience of the experiment. The 
essential features of the dye-bath chamber are a 
cooling condenser for refluxing vapors from the bath 
and a side arm through which additions to the bath 
may be made. A coil of nichrome wire wound around 
the dye-bath chamber permits heating of the bath 
electrically. The essential features of the cell unit 
are a mercury-filled thermoregulator for controlling 
the temperature, a thin glass cell for making photo- 
metric measurements of the bath during dyeing, a 
small ring-sealed tube near the top of the cell unit 
through which nitrogen gas is passed to circulate the 
dye bath, and a drain cock at the bottom. The vol- 
ume of the dye bath used in the Dyeometer is 400 
ml., which fills the dye-bath chamber to just below 
the side arm. The fiber to be dyed is fastened onto 
hooks on a glass-tube stirrer which is rotated back 
and forth during dyeing. 

The passage of nitrogen through the ring-sealed 
tube of the cell unit carries the solution up through 
the fiber holder and out of a hole at the top of the 
holder above the bath level, and thus draws the 
solution through the cell unit. By proper adjust- 
ment of the nitrogen flow, it is possible to circulate 
the entire 400 ml. of bath solution through the cell 
unit in about 10 to 15 seconds. This means that any 
change in color or concentration occurring in the 
dye-bath chamber can be detected almost immediately 


in the observation cell. 
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Fic. 1. An over-all view of the Dyeometer. 
The Dyeometer may be used with any suitable 
photometric measuring instrument. A spectropho- 
tometer is to be preferred, however, because changes 
in color as well as in strength can be measured. Fig- 
ure 2 shows an over-all view of the Dyeometer 
mounted on a General Electric type of recording 
spectrophotometer. This spectrophotometer has been 
modified so that a continuous record of rapid changes 
in strength of the dye bath at any selected wave 
length can be obtained. This is an advantage in 


lollowing fast reactions. For slow reactions, com- 


Fic. 2. General view of Dyeometer and spectro- 


photometer. 


plete spectrophotometric curves can be recorded at 
various times. 

The general procedure followed in making the 
dyeings was briefly as follows: The dye bath was 
heated to the desired temperature, which was main- 
tained constant to + 0.2°C by proper adjustment of 
the thermoregulator. The spectrophotometric curve 
of the bath was recorded and the dyeing was then 
started by introducing into the bath the skein-holder- 
stirrer onto which the skein was fastened. During 
the course of the dyeing, spectrophotometric meas- 
urements of the dye bath were made at various time 
intervals as required. The spectrophotometric data 
thus obtained were converted to percent dye-bath 
strength values, which were plotted versus time to 
give the dyeing curve. 


Analysis of Dyeing Data 


In contrast to simple homogeneous chemical reac- 
tions for which rate constants can be calculated, the 
dyeing process is a complex, heterogeneous reaction. 
Up to the present it has not been possible to analyze 
dyeing curves and express them by simple numeri- 
cal constants. One important characteristic of a 


dyeing curve is the “initial dyeing rate.” This value 


is expressed in percent dye-bath exhaustion per min- 


ute and is numerically equal to the initial slope of 
It is a measure of the rate at 


the dyeing curve. 
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TABLE I. EFrect oF FILAMENT DENIER ON 
DYEING BEHAVIOR OF RAYON 


Filament denier 1.02 1.27 1.68 2.98 3.72 4.90 6.45 11.85 

Initial dyeing rate 11 73 7 7 S. <3} a 33 
at 50°C, %/min. 

Initial dyeing rate 29 32 
at 90°C, %/min. 


nie 


29 (an Bs 23 CO 17 


(90%) at 50°C, 40 47 47 
min. 

(90%) at 90°C, 7 8 S 2 36 85: 3 19 
min. 


% equilibrium ex- 96 98 96 - — 


haustion at 50°C 
% equilibrium ex- 83 83 83 83 
haustion at 90°C 


which dyeing proceeds immediately after the instan- 
taneous surface sorption of dye, called “strike.” 

The initial dyeing-rate values which are given in 
the various tables of this paper were calculated by an 
empirical graphical method. A logarithmic plot was 
made of the percent dye-bath strength, )), versus 
(m+ t), in which ¢ is dyeing time in seconds and 
m is an arbitrary constant chosen by trial so that the 
points representing the dyeing up to half the equi- 
librium value fall along a straight line. The slope, 
S, of this line is given by 

d log D 


~ Glog (m +1) wae 





The dyeing rate, in percent per minute, is then 


given by 


dt m+? 2) 


from which the initial dyeing rate is — 6000 ° 
percent per minute. This method is convenient be- 
cause when the data are plotted on logarithmic 
paper the value of m necessary to give a straight line 
can be found rapidly. Values of m between 100 and 
500 seconds were required to obtain straight lines for 
the dyeings reported in this paper. When the dyeing 
data are treated in this manner, it is found that the 
line extrapolates to a value less than 100 percent dye- 
bath strength at zero dyeing time. The difference 
between 100 percent and the extrapolated value is 
the value of the strike within the accuracy of the 
experimental data. 

Another characteristic of the dyeing curve is the 
The values given in this paper 


equilibrium value. 
are expressed as percentages of the initial dye-bath 


TABLE II. EFrrect oF SPINNING STRETCH ON DYEING 
BEHAVIOR OF 150/40 RAYON 





% stretch 0 20 30 40 50 
Initial dyeing rate, %/min. 51 31 26 22 15 
t(90%), min. 6 10 11 15 18 
% equilibrium exhaustion 84 82 84 83 82 


strength and were read from the substantially leve! 
portion of the dyeing curves. These values prob 
ably more nearly represent the equilibrium-exhaus 
tion values obtained under the conditions of commer 
cial dyeing than those obtained after very prolonged 
dyeing. In the latter case, there is the possibility 
that the fiber itself undergoes a change. 

A third characteristic of the dyeing curve is the 
time required for dyeing to reach a certain fraction 
of the equilibrium-exhaustion value. The time cor- 
responding to 90 percent of the equilibrium-exhaus- 
tion value has been selected because it is near the 
end of the dyeing process, and yet is on a part of 
the curve which has enough slope to permit accurate 
reading of the time value. The time of 90 percent 
equilibrium exhaustion, designated by ¢ (90 percent), 
is thus a value which has practical significance in 
comparing dyeings. 

It should be mentioned that in the dyeing-curve 
plots of this paper only a few of the experimental 
points, chosen at random, are indicated. More data 
were obtained but these have been omitted to avoid 


confusion. 







I. Dyeing Behavior as Affected by Manufacturing 
Variations 
The various rayon yarns which were available for 
studying the effect of manufacturing variations on 
dyeing behavior were dyed in the Dyeometer with 
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Calcomine Sky Blue FF Extra Conc. (C.I. 518). 
This dye was used because it accentuates differences 
in dyeing properties of viscose rayon. Furthermore, 
it has been used by many investigators in dyeing 
studies and its characteristics are well known. The 


regular commercial dye was used without being puri- 
fied, and all concentrations are given on this basis. 
The spectrophotometric curves showed that slight 
changes in color of the dye bath occurred during 
dyeing, owing to a small amount of colored impuri- 


ties which were not readily sorbed. These changes 
were neglected in deriving the dyeing curves because 
the errors were small. 

Prior to dyeing, the yarns in skein form were 
heated in distilled water at the boil for approximately 
15 minutes, then removed and blotted to remove ex- 
cess water, and introduced wet into the dye bath. 
Unless otherwise noted, the dyeing tests in this sec- 
tion were made on 10-g. skeins (conditioned basis) 
at 90°C. The dye bath contained 0.2 g. dye and 1.0 
g. sodium chloride in 400 ml. The dyeings were 
run for at least an hour. At the higher temperatures, 
this was sufficient time to attain substantially the 
equilibrium exhaustion. At the lower temperatures, 
equilibrium exhaustion was difficult to reach, and in 
these cases the dyeings were stopped prior to this 
stage. 

The various factors entering into the manufacture 
of rayon which determine the textile characteristics 
of the yarn and which were studied for their effect 
on dyeing behavior are: filament denier, delusterant, 
skin structure, age of viscose, degree of polymeriza- 
tion of the finished yarn, and stretch applied during 
spinning. The description of the rayon yarns used 
in studying these factors and the results of the dyeing 
tests are given in the following paragraphs. The ef- 
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lic. 4. Dyeing curves for viscose yarns spun with 0, 
30, and 50 percent stretch, respectively. 
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TABLE III. Errect oF ViscosE AGE ON DYEING 
BEHAVIOR OF 150/40 RAYON 


Viscose age, hr. 62 73 94 104 116 140 
Initial dyeing rate, %/min. 39 36 25 25 19 22 
t(90%), min. 9 9 13 13 14 12 
% equilibrium exhaustion 84 87 84 87 86 85 














fects of changes in yarns and textile processing after 
manufacture on dyeing behavior may also be im- 
portant, but these have not been studied in this 
investigation. 

Effect of Filament Denier. Bright 150-denier 
rayon yarns which varied from 1.02 to 11.85 filament 
denier were dyed at two temperatures, 50°C and 
90°C. The initial dyeing rate in percent per minute, 
the time required to attain 90 percent of the equi- 
librium value, and the percent dye-bath exhaustion 
at equilibrium are given in Table I. 

The dyeing curves for the 1.02 and 4.90 filament- 
denier yarns at the two temperatures are shown in 
Figure: 3. The equilibrium-exhaustion values at 
50°C for most of the yarns are not available because 
the dyeings were not run to equilibrium. The results 
show that in general the rate of dyeing was greater, 
and the ¢ (90 percent) value was less, the smaller the 
filament denier of the yarn. On the other hand, the 
equilibrium-exhaustion values showed very little vari- 
ation. Comparison of the results at the two tem- 
peratures shows that the rate of dyeing was markedly 
lower and the exhaustion value was higher at 50°C 
than at 90°C. 

Effect of Spinning Stretch. Dyeing tests were 
made on five bright 150/40 yarns which had been 
spun with 0, 20, 30, 40, and 50 percent stretch, re- 
spectively, between godets. The significant data are 
given in Table II, and the dyeing curves for the yarns 
spun with 0, 30, and 50 percent stretch, respectively, 
are shown in Figure 4. 

Increase.in stretch applied during spinning resulted 
in a decrease in the initial dyeing rate and an increase 
in the time necessary to reach equilibrium, but did 
not affect the equilibrium exhaustion. The average 
equilibrium-exhaustion value, 83 percent, was the 
same as that obtained in the series of yarns of various 
filament-deniers shown in Table I. 

Effect of Viscose Age. Six bright 150/40 rayon 
yarns spun from viscose of different ageing times— 
namely, 62, 73, 94, 104, 116, and 140 hours—were 
compared with respect to their dyeing behavior. The 
results are given in Table III. 
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TABLE IV. Dyernec BEHAVIOR OF No-SKIN AND 
THICK-SKIN RAYON YARNS 


Thick-Skin 


No-Skin 
Initial dyeing rate, %/min. 34 27 
t(90%), min. 8 19 
% equilibrium exhaustion 81 81 


The initial dyeing rates decreased slightly and the 
time necessary to reach 90 percent of the equilibrium- 
exhaustion value tended to increase with increase in 
the ageing time of the viscose. 

Effect of Skin. Dyeing tests were made on two 
bright 1200/300 rayon yarns, one having no skin, the 
other a thick skin. The results are given in Table 
IV. The dyeing curves are shown in Figure 5, and 
photomicrographs of cross sections of the dyed (not 
cross-section-stained) yarns are shown in Figure 6. 
The thick-skin yarn dyed somewhat slower than, but 
attained the same equilibrium value as the no-skin 
yarn. The photomicrograph of the dyed thick-skin 
yarn (Figure 6B) shows that the skin portion con- 
tained less dye than the core. 

Effect of Degree of Polymerization. Table V 
gives the dyeing results which were obtained for three 
bright 150/40 rayon yarns differing in average degree 
of polymerization. The initial dyeing rate decreased, 
and the equilibrium exhaustion increased, with in- 
crease in the average D.P. value. These effects thus 
resulted in the curves crossing one another (Fig- 
ure 7). 

As the D.P. value increased, the initial dyeing rate 
decreased and the equilibrium exhaustion increased. 
The differences in exhaustion values, although slight, 
appear to be real and to he associated with the D.P. 


of the cellulose. 
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Dyeing curves for viscose yarns, one having no 
skin, the other a thick skin. 
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Fic. 6. Photomicrographs of cross sections of no- 





skin and thick-skin viscose yarns. A (upper)—No-skin 
yarn. 


B (lower)—Thick-skin yarn. 


Effect of Delusterants. Table VI gives the re- 
sults of dyeing tests which were made on bright, 
Dulesco (containing oil delusterant), and Chalkelle 
(containing TiO, delusterant) 150/40 yarns. The 
presence of delusterant had only a slight effect on the 
comparative dyeing behavior of the three yarns. 

Dyeing of Inflated Yarn. The dyeing behavior of 
two new yarns* of an inflated type, Belastraw 
(600/20) and Featheray (300/44), has been studied. 
These yarns contain gas bubbles introduced during 
spinning by incorporation of soda ash into the viscose. 
Such yarns are said to give a fabric of a new texture 
which is light, bulky, and warm to the feel. These 
yarns dyed faster than control samples of regular 
rayon of the same filament denier, and the equilibrium- 
exhaustion values were slightly greater. It can be 
seen from the photomicrographs of cross sections of 
300/44 delustered Featheray and 300/44 bright rayon 
(Figure 8) that the surface area of the inflated yarn 
is greater than that of the control. The size of the 


* From Hartford Rayon Corp., Rocky Hill, Conn. 
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TABLE V. Dyerinc BEHAVIOR OF BriGHT 150/40 
RAYON YARNS OF DIFFERENT D.P. 


bP: 212 366 516 


Initial dyeing rate, %/min. 25 20 17 
(90%), min. 10.5 14 18 
“ equilibrium exhaustion 79 82 85 


artificial “lumen”’ varies along the filament, depending 
upon the amount of carbon dioxide generated during 
the extrusion, which results in an irregular yarn. 
Discussion of Manufacturing Variations. The in- 
crease in initial dyeing-rate value with decrease in 
filament denier, which is evident from the data in 
Table I, is to be attributed to the increase in surface 
area per unit weight of yarn. 
shape, the surface area is inversely proportional to 
the square root of the filament denier ; hence the over- 
all increase in surface area between 1.02 and 11.85 
filament denier, representing the extreme yarns, 
would be three-and-one-half-fold. When the initial 
dyeing-rate values were plotted against the reciprocal 


For yarns of the same 


of the square root of the filament denier of the various 
yarns, the straight line best representing the points 
showed a twofold over-all increase in initial dyeing 
rate at both temperatures, 50°C and 90°C, which is 
only two-thirds of the calculated increase. The indi- 
vidual variations evident in Table I and the lower- 
than-calculated over-all increase in initial dyeing rate 
are probably due to other factors, such as differences 
in cross-section shape of the yarns and orientation 
due to stretch. 

rom the standpoint of commercial dyeing, a fabric 
composed of both coarse- and fine-filament yarns may 
present a problem because the fine-filament yarns will 
dye faster and absorb more than their share of dye. 
The time required for equalizing the dye content of 
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TABLE VI. DvyEING BEHAVIOR OF BRIGHT AND DELUSTERED 
150/40 RAYON YARNS 


Bright 


Yarn Dulesco  Chalkelle 
Initial dyeing rate, %/min. 18 20 23 
(90%), min. 35 ib 11 
Y% equilibrium exhaustion 80 81 84 


the different fibers may be considerably longer than 
would be required if the fabric contained yarn of only 
one filament size. 
equalized in the fabric, differences in shade between 
fine- and will 
pointed out by Fothergill [7], these differences are 


After the dye content has been 


coarse-filament yarns result. As 
due to optical effects and hence cannot be anticipated 
from dyeing-rate and equilibrium-exhaustion data. 
The difference in dyeing rates between fine- and 
coarse-filament yarns might make it possible, how- 
ever, to produce equal shades in the yarns if the 
dyeing were stopped at the point where the greater 
amount of dye in the fine filaments gave the same 
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Photomicrographs of cross sections of Feath- 
A (upper)—300/44 de- 
(lower )—300/44 bright 
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TABLE VII. Errect or NaCl CoNCENTRATION ON 
INITIAL DYEING RATE 





NaCl concentration, 0.5 1.0 1.5 2.0 3.0 5.0 8.0 10.0 
g./400 ml. 

Initial dyeing rate, 3 6% 94 103 134 17 19 22 
%/min. 





color value as the smaller amount of dye in the coarse 
filaments. 

Table I also shows that the equilibrium-exhaustion 
values were the same for yarns of the various 
filament-deniers. Boulton and Wardle [6] found 
considerable random variation in equilibrium-exhaus- 
tion values for a number of different commercial 
rayons of different deniers with three different dyes. 
The results reported in this paper with Sky Blue FF 
suggest that the variations in equilibrium exhaustion 
found by Boulton and Wardle are due probably to 
other factors in the manufacturing process than fila- 
ment size. 

The appreciable effect of stretch applied during spin- 
ning on the initial dyeing rate (Table II) is probably 
due to the change in the degree of orientation of the 
cellulose chains. X-ray diagrams of yarns spun with 
different degrees of stretch show evidence of an in- 
creasing degree of orientation with increasing stretch 
[9, 14, 15]. Preston and Tsien [13] and Rose [14] 
have discussed the relationship between orientation 
and degree of stretch. Hermans et al. [8] have 
shown that the density of stretched rayon is greater 
than that of unstretched rayon. It seems reasonable 
to expect that the more dense cellulose of yarn spun 
with stretch would be less easily penetrated by dye 
than the less dense cellulose of unstretched yarn, and 
hence the initial dyeing rate would be correspondingly 
lower. 

The degree of stretch applied during spinning had 
no appreciable effect on the equilibrium-exhaustion 


% OYEBATH STRENGTH 





40 
TIME - MINUTES 


Dyeing curves for viscose yarn dyed in baths 
containing different amounts of NaCl. 


Fic. 9. 
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value, as shown by the data in Table II. This sug- 
gests that oriented chains of cellulose take up about 
the same amount of dye as unoriented chains. 

It might be well at this point to review the distinc 
tion between amorphous, oriented, and crystalline 
cellulose. In the case of amorphous cellulose, the 
cellulose chains are arranged in a completely random 
manner. Oriented cellulose is characterized by th« 
cellulose chains being parallel to each other, but ran 
domly rotated. In crystalline cellulose, the indi- 
vidual chains are parallel and all are rotated around 
their long axis in a regular manner so that a com- 
pletely ordered unit cell structure is obtained. The 
distinction between amorphous, oriented, and crystal- 
line cellulose is therefore one of degree and not one 
of kind. According to Valko [17], x-ray investiga- 
tions show that water does not alter the crystalline 
regions in cellulose; from this it has been concluded 
that water is not taken up by the crystalline regions, 
but rather by the amorphous and oriented regions. 
It is to be expected that a dye would be similarly 
sorbed. It follows, then, that rayon samples which 
have been made highly crystalline might be expected 
to have lower equilibrium-exhaustion values than un- 
oriented rayons or rayons which have been oriented 
by stretching. 

The foregoing discussion has important bearing on 
the leveling of direct dyes on rayon. If two rayon 
samples of different degrees of godet stretch are dyed 
in the same bath at the same time, the one of lower 
stretch will sorb dye faster, leaving available for the 
higher-stretch sample less dye than normally would 
be present at the same time period if the latter sample 
were dyed separately. However, the samples will 
eventually level out. This confirms the statement of 
Boulton and Reading [5] “that even results can be 
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Fic. 10. Dyeing curves for viscose yarn dyed i 
baths containing: no added NaCl; 6 g. NaCl, added be- 
fore dyeing; 6 g. NaCl, added in increasing portions 
during dyeing, as indicated. 
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obtained with the most unlevel-dyeing dyes if dyeing 
is sufficiently prolonged.” In the case of very rapid- 
dyeing direct dyes the dyeing may be “sufficiently 
prolonged” in the time of a practical dyeing, whereas 
ihe slow-dyeing dyes do not have sufficient time to 
level in normal practice. 

It is not surprising that the time necessary for at- 
taining equilibrium in dyeing will be greater for a 
fabric which contains yarns of different dyeing rates 
than for any of the yarns dyed separately. The !evel- 
ing process in the case of the mixed fabric will in- 
volve return of dye to the bath from the fast-dyeing 
yarns and then its transfer into the slow-dyeing yarns. 
The concentration of dye present in the bath during 
this process will be quite low, thus resulting in slow 
take-up by the so-called slow-dyeing yarns. 

From the data in Table ITI, it appears that the time 
of ageing of the viscose in rayon manufacture has little 
effect on the equilibrium-exhaustion value, but does 
affect initial dyeing rate. The initial dyeing rate de- 
creased almost twofold when the ageing time was in- 
creased from 62 to 140 hours. 
a relatively unimportant factor in commercial yarns, 
however, because the ageing process is controlled very 
closely in rayon manufacture. 

The presence of skin structure in viscose rayon is 
well known and its properties have been discussed 
by Morehead and Sisson [12], Preston and Tsien 
[13], and others. Any comparison of the dyeing 
rates of yarns which are different in skin thickness 
should be made on yarns which have approximately 
the same size and shape—that is, the same surface 
In this investigation, it was found that thick- 
skin yarn had a slightly higher surface area than no- 
skin yarn, as can be judged from examination of Fig- 
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Fig. 11. Dyeing curves for viscose yarn dyed in 
bats containing 0.043 mole of LiCl, NaCl, and KCl, 
res; ectively, 
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CoMPARISON OF LiCl, NaCl, anp KCl 
IN RAYON DYEING 


TABLE VIII. 


Salt ‘LiCl 





NaCl _—sCOKCC 


Concentration, g./400 ml. 1.8 2.5 % oy. 
Initial dyeing rate, %/min. 18 30 o 8 
t(90%), min. 11 9 8 
% equilibrium exhaustion 72 82 86 





yarn had a lower initial dyeing rate and a higher ¢ 
(90 percent) value than the no-skin yarn (Table IV). 
This difference in dyeing rate indicates that the dye 
migrates more slowly through skin-type cellulose 
than through core-type cellulose. The skin-type cel- 
lulose also appears to have a lower substantivity for 
dye, for, as Figure 6B shows, the skin portion was 
dyed lighter than the core. Nevertheless, this dif- 
ference in substantivity between skin and core did 
not produce any change in the equilibrium-exhaustion 
value of the thick-skin yarn, but did affect the visual 
appearance. The dyed thick-skin yarn had slightly 
more luster than the no-skin yarn. 

The degree of polymerization and the presence of 
a delustering agent are minor factors in dyeing be- 
havior, as borne out by the results in Tables V and 
VI. The differences in Table V suggest that with 
longer average chain lengths it is more difficult for 
the dye molecules to penetrate the cellulose structure. 
The data in Table VI confirm the observations of 
Boulton and Wardle [6], who found “no important 
difference in dyeing rate between dulled and undulled 
viscose rayons.”’ 


IT. Dyeing Behavior as Affected by Dyeing Condi- 
tions 


Viscose rayon yarn was dyed under various condi- 
tions with Calcomine Sky Blue FF Extra Cone. (C.L. 
518) to determine the effects produced by changes in 
salt concentration, type of salt, yarn weight, tem- 
perature, and dye concentration. The tests were car- 
ried out in the Dyeometer, as previously described. 

Effect of NaCl Concentration. Dyeing tests were 
carried out at 70°C in dye baths containing 0.2 g. 
dye and different amounts of NaCl. Five-g. skeins 
of bright 300/46, 10-strand yarn were used. Table 
VII gives the NaCl concentrations and the initial 
dyeing rates that were obtained. Dyeing curves for 
five concentrations are shown in Figure 9. Increase 
in the NaCl concentration of the dye bath caused an 
increase in the initial dyeing rate. This effect was 
greatest at low concentrations of NaCl. 
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TABLE IX. EFFEcT oF YARN WEIGHT ON DYEING 





Rayon weight, fae Sala 6 7 8 9 10 
g./400 ml. 


Initial dyeing rate, 6.1 6.9 9.5 10.8 13.4 15.5 17.3 19.8 


%/min. 
(90%), min. —- — — 31 25.23: 22 18 
% equilibrium — — — 90 91 93 96 96 


exhaustion 


It is well known that the equilibrium exhaustion 
and the rate of dyeing can be controlled by the proper 
addition of salt. Figure 10 shows the dyeing curves 
that were obtained from dye baths containing no 
added NaCl, and 6 g. of added NaCl, respectively. 
These dyeings were made at 90°C on 5-g. skeins of 
bright 150/40 rayon. Since the first amount of salt 
added has such a marked effect on the dyeing rate, 
it was apparent that the addition of salt in increasing 
logarithmic quantities might give the desired slow 
over-all rate of dyeing. The middle curve in Figure 
10 shows the result of adding NaCl to a total of 6 g. 
in this manner. 

Effect of Various Salts. The effect of the cation 
of the electrolyte in the dye bath was studied with 
lithium, sodium, and potassium chlorides, respectively. 
Skeins of bright 150/40 rayon, weighing 5 g. each, 
were dyed at 90°C in dye baths containing 0.2 g. 
dye and 0.043 mole of one of the salts. The results 
are given in Table VIII, and the dyeing curves in 
Figure 11. The curves are distinctly different, show- 
ing an increase in both initial dyeing rate and 
equilibrium-exhaustion value with increasing atomic 
weight of the cation. 

Effect of Yarn Weight. 
on various weights of bright 300/46, 10-strand yarn 
at 70°C. The dye baths contained 0.2 g. dye and 
1.5 g. NaCl. The initial dyeing rate and some of 
the equilibrium-exhaustion values are given in Table 
IX. Both the equilibrium-exhaustion and the initial 
dyeing-rate values increased with increase in yarn 


Dyeing tests were made 


weight. 

Effect of Temperature. 
at four temperatures—50°C, 60°C, 70°C, and 80°C 
—on 5-g. skeins of bright 300/46, 10-strand yarn. 
The dye baths contained 0.2 g. dye and 3.0 g. NaCl. 
The initial dyeing rate and two of the equilibrium- 
The initial 


Dyeing tests were made 


exhaustion values are given in Table X. 
dyeing rate increased with increase in temperature. 
The difference in the equilibrium-exhaustion values 
at 70°C and 80°C is in the direction expected on 
the basis of the data of Table I for dyeings at 50°C 
and 90°C, 
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TABLE X. EFFect oF TEMPERATURE ON DYEING 





Dyeing temperature, °C 50 60 70 80 
Initial dyeing rate, %/min. 5.8 11.5 15.5 18.0 
% equilibrium exhaustion — — 93 90 





Effect of Dye Concentration. Dyeings were made 
at 90°C on 5-g. skeins of bright 150/40 rayon yarns 
in dye baths containing 2.5 g. NaCl and 0.15 g., 
0.3 g., and 0.6 g. dye, respectively. The results, 
which are given in Table XI, show that both the 
initial dyeing rate and the percent equilibrium-ex- 
haustion value decreased with increase in dye con- 
centration. 

Discussion of Dyeing Conditions. 
work has been published on the effects of various 
conditions in dyeing. This work has been reviewed 
by Boulton and Morton [4], Whittaker and Wilcock 
[18], and Standing and coworkers [16, 19]. It is 
our purpose, therefore, to discuss only the specific 
quantitative results which we have obtained. 

Both the dyeing-rate and the percent equilibrium- 
exhaustion values were increased by increase in con- 
centration of NaCl used in the bath (Figures 9, 10). 
The initial dyeing rate increased linearly with in- 
crease in NaCl concentration up to about 3 g. per 
400 ml. (Table VII); the effect of each further 
increase in NaCl concentration was progressively less. 

The results obtained with LiCl, NaCl, and KCI, 
respectively, as electrolyte are at variance with the 
theory of direct dyeing described by Willis, War- 
wicker, Standing, and Urquhart [19]. This theory 
predicts that for a given equivalent ionic concentra- 
tion the equilibrium-exhaustion value is independent 
of the cation and anion. The progressive increase in 
the equilibrium-exhaustion values with increase in 
the size of the cation (Table VIII) may be due to 
differences in the activities of the cations. Results 
with different anions confirm the theory; thus the 
equilibrium-exhaustion values for acetate, bromide, 
chloride, and nitrate were 83, 79, 81, and 80 percent, 
respectively. These values were obtained in dyeings 
made under the same conditions which were used for 
LiCl, NaCl, and KCl. 

Increase in yarn weight resulted in faster exhaus- 
tion of the dye bath (Table IX). When the initial 
dyeing-rate values were plotted against the corre- 
sponding yarn weights, a straight line was obtained 
which extrapolated to zero. Since dyeing rate 
should be proportional to the amount of yarn surface 
present, the above result indicates that the initial dye- 
ing rate as calculated represents the actual process at 
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TABLE XI. Errect orjinitiaL Dye 
CONCENTRATION ON DYEING 








Dye concentration, g./400 ml. 0.15 0.3 0.6 


Initial dyeing rate, %/min. 33 20 14 
‘(90%), min. 9 10.5 25 
‘ equilibrium exhaustion 81 69 56 





the beginning of dyeing. From this it appears that 
the introduction and use of initial dyeing-rate values 
to characterize the dyeing process are justified. 

The initial dye concentration partly determines 
the equilibrium value in dyeing; thus the results in 
Table XI show that the percent equilibrium-exhaus- 
tion value decreased with increase in the initial dye 
concentration. The actual amount of dye sorbed by 
the yarn, as well as the equilibrium dye-bath con- 
centration, increased with increase in initial dye con- 
centration. The results fit a Freundlich-type equation 
having an exponent of 0.47. This is somewhat larger 
than the value, 0.2, predicted by the theory of Willis, 
Warwicker, Standing, and Urquhart [19]. 

Increase in the temperature increased the dyeing 
rate (Table X), but decreased the equilibrium- 
exhaustion value (Table I). These effects are well 
recognized and apply not only to the dyeing of vis- 
cose rayon but to the dyeing of other cellulosic 
materials. 


Summary 


A quantitative study has been made of viscose 
rayon dyeing as affected by (1) rayon manufactur- 
ing variations and (2) variations in dyeing condi- 
tions. A new instrument, the Dyeometer, was used 
to obtain the dyeing data; this instrument is useful 
for making accurate measurements of exhaust at all 
stages of a dyeing. From the data for the 
phase of dyeing, the quantity “initial dyeing rate” has 
been calculated. 


arly 


This value has been introduced to 
provide a numerical basis for a quantitative compari- 
son of dyeing rates. The percent equilibrium ex- 
haustion, the time necessary to reach 90 percent of 
equilibrium exhaustion, and the initial dyeing rate 
have been used to characterize dyeing curves. 

The rayon manufacturing variations studied were: 
filament size, godet stretch, viscose age, skin struc- 
ture, degree of polymerization, delusterant, and pres- 
ence of gas bubbles in the filaments. The dyeing 
conditions studied were: salt concentration, kind of 
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salt, yarn weight, temperature, and dye concentra- 
tion. The results of these studies have been dis- 
cussed and some of the practical aspects related to 
rayon dyeing have been pointed out. 
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Textile Fibers. J. Merritt Matthews. Fifth 
Edition. Edited by H. R. Mauersberger. New 
York, John Wiley & Sons, Inc. (London, Chapman 
& Hall, Ltd.), 1947. 1,133 pages. Price, $12.50. 









(Reviewed by K. S. Campbell) 





Although the fifth edition of Matthews’ Te-rtile 
Fibers follows the earlier editions in scope and in 
treatment of the subject, it is virtually a new book 
in all departments. The last revision, published 
twenty-four years ago, had, because of advances in 
fiber technology, outlived its usefulness in many 
respects, and the present completely rewritten vol- 
ume is extremely welcome. All textile fibers are 
covered. The “physical and chemical properties, 
the use and adaptation, economics, microscopy, meth- 
ods of testing, quantitative analysis, and qualitative 
identification” of all important fibers are described. 
The field of fabrics, as such, is purposely not touched 
upon. The limits noted include a vast amount of 
knowledge, treating of subjects as diverse as the 
ginning of cotton, electron microscopy, Navaho sheep, 
the dye affinity of nylon, the cotton futures market, 
tests for mercerization, stress-strain properties of 
acetate rayon, and the mining of asbestos. The 
large number of topics included prevents intensive 
discussion in many instances; the unusually com- 
plete literature references and supplementary bibliog- 
raphies, however, increase the value of this volume 

































to the research worker. 
Two chapters are introductory and general, five 


deal with cellulose or cotton, five with wool, specialty 
hairs, and fur fibers, three with analysis and testing, 
and others with regenerated rayon, acetate rayon, 
silk, mineral fibers, and the new synthetic fibers. 
Of the twenty-four chapters, five were written by 
the editor, who is well equipped for the task by virtue 
of his previous editorship of the Rayon Handbook, 
the American Cotton Handbook, and the American 
Wool Handbook. (These three volumes contain 
much information presented in Textile Fibers. It is 
an overlapping rather than a duplication of fields, 
however, as the handbooks emphasize the practical 
aspects of the subject.) 

The balance of the book, by chapter, has been 
authored by seventeen persons who have specialized 
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in particular branches of fiber technology. The 
work of the various authors has been well organized, 
individually and collectively, and suffers little from 
the lack of continuity often found in volumes of this 
type ; there is little repetition, which is somewhat sur- 
prising considering that “chemical properties of the 
fibers,” “chemical properties of cellulose,” and “‘chem- 
ical properties of the cotton fiber” are included in 
separate chapters. 

In so far as it was possible up to the time of 
publication, an adequate survey of the new synthetic 
fibers and filaments was made. The present rate of 
progress in synthetic fiber development makes it 
impossible for any text on this particular subject to 
remain up-to-date for any length of time. As a 
textbook for technical schools and colleges, Te.rtile 
Fibers will fill a need that has existed for many 
years. It should also prove most valuable as a 
general reference book for all who work with textiles. 


The Theory and Practice of Wool Dyeing. 
C. L. Bird. Bradford, England, Society of Dyers 
and Colourists, 1947. 207 + xxxviii pages. Price, 


12s. 6d., postage prepaid. 


(Reviewed by G. L. Royer and H. E. Millson) 


The author is a lecturer in dyeing at the Univer- 
sity of Leeds and he has used his lecture notes as a 
basis for this book. This work is of value both as 
a textbook for the student and as a reference work 
for the practical dyer and textile chemist. The sub- 
ject matter is presented in a direct manner and 
therefore offers considerable information for a mini- 
mum of reading. Though written from an English 
viewpoint, the principles discussed are universal; 
the equipment illustrated and described in part is in 
general similar to that used in the United States. 
The book is a practical treatise on wool dyeing, but 
in addition contains an excellent though brief discus- 
sion on the theory of wool dyeing supplemented with 
a large number of specific references for further 
study. 

The author has recognized the effect which treat- 
ments prior to dyeing may have upon the dyeing 
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operation and has therefore discussed scouring, mill- 
ing, crabbing, bleaching, and carbonizing in a chapter 
devoted to wet treatments. This is followed by 
chapters on acid, chrome, Indigo, Neolan, and Pala- 
tine dyes in which the various procedures for the 
application of each type of dye to different materials 
are described in detail. The information in the chap- 
ter on union dyeing is of special interest to union 
dyers and discusses wool-cotton, wool-viscose rayon, 
wool-silk, wool-acetate rayon, wool-Rayolanda, wool- 
casein, and wool and modified wool unions with re- 
spect to the choice of dyes and dyeing procedures. 
These recommendations should help the dyer to pro- 
duce solid shades and novelty effects. Leveling and 
stripping are described as a means for correcting 








































. 
f faulty dyeings or for the redyeing of undesired 
t shades. Textile auxiliaries and water are the basis 
0 of another chapter which discusses water softening 
a and conditioning, synthetic detergents, wetting and 
le dispersing agents, wool resist, protecting and moth- 
y proofing agents. The final chapter covers machinery 
4 both from the viewpoint of materials of construction 
S. and the design of various commercial English ma- 
chines. 
The author is to be commended for assembling 
such a fine collection of data, and for profusely illus- 
g. trating the book with graphs and photographs of 
rs pertinent subjects. This book is a valuable contri- 
eC, bution to the field of dyeing and its contents should 
help the dyer to solve his many problems and have 
a better understanding of a very complicated art. 
er 
sa 
as Advances in Protein Chemistry, Vol. III. 
wrk Edited by M. L. Anson and John T. Edsall. New 
tb- | York, Academic Press, Inc., 1947. 524 pages. 
nd Price, $7.50. 
ni- 
ish (Reviewed by Sam R. Hoover) 
al There are two characteristic features of this vol- 
m™ | ume. The first is that the authors are, without ex- 
tes. J ception, possessed of extensive experimental back- 
but F ground in the subject reviewed, and each therefore 
us" | writes with a relatively personal and critical slant, 
vith | which is good. The review by Braunstein is espe- 
het ¥ cially valuable in giving the viewpoint of the Russian 
workers. The second feature is the emphasis upon 
eis the biological and nutritional aspects of amino acids 
ing 


and proteins. The importance of these aspects can- 
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not be minimized; nevertheless the reader who is 
interested in proteins as high polymers will not find 
much that appeals to him. 

The subjects reviewed and the reviewers are: 
Transamination and the Integrative Functions of the 
Dicarboxylic Acids in Nitrogen Metabolism, by Alex- 
ander E. Braunstein; Ferritin and Apoferritin, by 
Leonor Michaelis; Adsorption Analysis of Amino 
Acid Mixtures, by Arne Tiselius ; Spread Monolayers 
of Protein, by Henry B. Bull; Films of Protein in 
siological Processes, by Alexandre Rothen; The 
Chemical Determination of Proteins, by Paul L. 
Kirk; Reactions of Native Proteins with Chemical 
Reagents, by Roger M. Herriott; The Amino Acid 
Requirements of Man, by Anthony A. Albanese ; The 
Use of Protein and Protein Hydrolyzates for Intra- 
venous Alimentation, by Robert Elman; The Prepa- 
ration and Criteria of Purity of the Amino Acids, by 
Max S. Dunn, and Louis B. Rockland; The Plasma 
Proteins and Their Fractionation, by John T. Edsall. 


Technological and Physical Investigations on 
Natural and Synthetic Rubbers. A. J. Wild- 
schut. Monographs on the ‘Progress of Research in 
Holland” series. Amsterdam, Elsevier Publishing 
Co., Inc., 1946. 173 pages. Price, $3.00. 


(Reviewed by S. L. Gerhard) 


This book indicates that Holland has kept alive the 
spirit and pursuit of scientific research in spite of 
Nazi oppression during World War II. The only 
visible evidence that the work was done under ab- 
normal conditions is the lack of references to con- 
temporary foreign literature, which was not available 
at the time. 

About a dozen materials were used in the investi- 
gations, representing four classes: (1) butadienes 
(including natural rubber), (2) thioplastics, (3) 
rubberlike materials with softener, and (4) without 
softener. The last two represent the class of non- 
vulcanizable substances. 

In the technological part are described the conven- 
tional and special investigations of plasticity, ageing, 
and vulcanization with nonsulfur agents and with 
synthetic resins. A good discussion is given of sev- 
eral mathematical expressions for the stress-strain 
curve and the generalizations obtainable from their 
proper application. 
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The major portion of the book is devoted to physi- 
cal aspects and deals with more fundamental prob- 
lems, including investigation of structure, thermo- 
dynamical, and mechanical studies of plasticity and 
elasticity, mechanical properties at very low tempera- 
tures and at elevated temperatures, x-ray: studies of 
crystallization, and some observations on dipole mo- 
ments as related to dielectric properties. 

The style of presentation is interesting and read- 
able. The author has been able to, transmit his ideas 
clearly in spite of the fact that English is not his 
native tongue. The format and physical quality of 
the book compare favorably with those of prewar 





















publications. 







Translations of Patent Applications for Proc- 
esses and Machinery Developed by I. G. Farben, 






- tions by German firms. 
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Information 





Germany. New York, Research 
Service, 1947 Catalogue. 


Many of the technical developments in Germany 
in recent years are revealed in the patent applica- 
The Research Information 
Service, recently organized, has undertaken the trans 
lation of some of these documents, the originals of 
which have been listed and filed by the Office oi 
Technical Services in Washington. Among the 
patent applications which have been translated are 
some of interest to the textile industry. A list of 
these titles, together with a brief descriptive state- 
ment and the price of each, has been issued in mimeo- 
graphed form. This list has been classified under 
Synthetic Fiber Production; Plastics—Raw Mate- 
rials; Plastics—Manufacturing Processes; Process- 
ing of Fibers and Plastics; and Machinery for Rayon 
Production and Spinning. 
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Reprints of the original articles abstracted in TEXTILE RESEARCH JOURNAL are often available from the 
Otherwise, it may be possible to secure copies of the periodicals. 


publishers. 
publishers. 


Photostat negatives of articles abstracted will be furnished to members of the Institute at a cost of 25 cents per 


SERVICES AVAILABLE 


Orders should be sent direct to the 





page for pages not exceeding 7 inches in width and 35 cents per page for larger sizes up to 111% x 14 inches. 


Photostats of patents are 35 cents a page. 


Postage will be added. 


Microfilm copies and paper enlargements of microfilm may be obtained from: Microfilms Inc., 313 N. First 


St., Ann Arbor, Mich.; New York Public Library, New York, N. Y.; 
Conn.; Harvard University Library, Cambridge, Mass.; and Library of Congress, Washington, D. C. 


tions may also be obtained from the above sources. 
A list of periodicals, the abbreviations used in references to articles, and the addresses of publishers of English 
language publications is given on page 37 of the January, 1947, issue. 


Yale University Library, New Haven, 


Transla- 





ANALYSIS: TESTING: 
LABORATORY METHODS 


* 


Carboxymethyl-cellulose 


Determination of degree of sub- 
stitution of sodium  carboxy- 
methyl-cellulose. R. W. Eyler, 
E. D. Klug, and Floyd Diephuis. 
Anal. Chem. 19, 24-7 (Jan. 1947). 


Three methods are described for 
determining the degree of substitu- 
tion of sodium carboxymethyl-cel- 
lulose. This material may be con- 
verted to its free acid form by treat- 
ment with acidified alcohol, freed 
from excess acid, and the carboxyl 
content determined by an acidi- 
metric procedure using  phenol- 
phthalein. Alternatively, the so- 
dium salt may be dissolved in water 
containing excess sodium hydroxide 
and the solution titrated conducto- 
metrically with standard hydro- 
chloric acid solution. In the 
analysis of purified dry samples, the 
use of this latter method results in 
a cousiderable saving in time over 


that required in the former. A 
third method, involving treatment 
of the carboxymethyl-cellulose with 
sulfuric acid to produce glycollic 
acid, which is then determined 
colorimetrically using 2.7-dihy- 
droxy-naphthalene, is recommended 
for use with difficultly soluble 
samples. Possible use of this 
method in quantitative determina- 
tion of carboxymethyl-cellulose in 
mixtures is suggested. The 3 
methods give comparable results 
when applied to samples having a 
degree of substitution ranging from 
0.2 to 1.3. The most advantageous 
application of each method is sug- 
gested. Authors 


Text. Research J. Aug. 1947 


Determination of Available 
Chlorine 


Rapid and accurate determination 
of available chlorine in hypo- 
chlorites. Victor Sinn. Chim. 
anal. 29, 58 (1947) (through 
Chem. Abstr. 41, 33977 (June 10, 
1947)). 


The method of Penot (J. prakt. 
Chem. 54, 59 (1857)) can be modi- 
fied so that it is more accurate and 
is not affected by chlorate. Pre- 
pare a buffered solution of As:O3 by 
dissolving 19.78 g. AssO3 in 120 ml. 
of 2.5 N NaOH, diluting to about 
1.5 1., adding 56 g. NaBr.2H,0, 
neutralizing with AcOH to litmus, 
adding 10% AcOH in excess, and 
diluting to exactly 2 1. To a 
measured volume of this reagent, 
add 2-3 ml. of 0.2% solution of 
Quinoline Yellow and titrate with a 
very dilute solution of the hypo- 
chlorite. During the titration, the 
yellow color tends to fade but 
returns when the solution is added 
more slowly. The end point is 
complete decolorization. 


Text. Research J. Aug. 1947 


Chlorous Acid 


The ionization constant of chlorous 
acid. Kenkichi Tachiki. J. 
Chem. Soc. Japan 65, 346-51 
(1944) (through Chem. Abstr. 41, 
3347g (June 10, 1947)). 
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The change of pH in the reaction of 
Ba(ClOs)2 + HeSO, was determined 
by means of a glass electrode. 
From the result the following data 
were obtained: dissociation constant 


of HC1IO., Kee = 4.9 K 10-3; free 
energy of ionization = 3,151  cal- 
ories. 


Text. Research J. Aug. 1947 


Retting of Flax 


A biochemical study of the retting 
of linen flax. W. B. Jackson and 
R. J. McIlroy. New Zealand J. 
Sci. and Technol. 28, 20-30 (July 
1946). 

The course of the biological decom- 
position of New Zealand-grown 
linen flax during tank-retting has 
been followed by conductivity meas- 
urements and chemical analysis. 
Pectin, cellulose, furfural, reducing 
sugars, total uronic anhydride, and 
uronic anhydride after oxalate ex- 
traction were determined on the 
unretted straw and at four stages of 
decomposition. A prominent fea- 
ture is the severe attack on cellulose, 
which suffers extensive loss even in 
the early stages of the ret. Most of 
the pectin is decomposed by the end 
of the ret, leaving less than half the 
amount reported for Australian and 
Irish retted flax straw. Hemicellu- 
lose is only slowly attacked, late in 
the ret. A soluble uronic-yielding 
substance is produced, presumably 
by bacterial action, in the retting 
stems. Preliminary examination 
indicated that this contained a 
polysaccharide constituted of glu- 
cose and glucuronic acid units. A 
method of separating some cortical 
decomposition products from the 
retting stem is described. Analysis 
of this  mucilaginous material 
crushed from the stem at different 
stages during retting supports the 
evidence of straw analysis with 
regard to the changes involved in 
retting. The theory of retting is 
briefly discussed. 

Text. Research J. Aug. 1947 


Thermoplastic Laminates 


laminates. L. T. 
Pacific Plastics 5, 24— 


Thermoplastic 
Barnette. 


5 (Apr. 1947). 





A description of the preparation of 
laminates by both no-pressure and 
low-pressure processes, and fabrica- 
tion by heat-forming and deep- 
drawing. Advantages of laminates 
of textiles with cellulose derivatives 
are discussed, and data are given 
on mechanical properties of lami- 
nates made with various types of 
fabric and fibrous fillers, on water 
absorption, and on _ dimensional 
stability as compared with thermo- 
setting laminates. W. E. Davis 


Text. Research J. Aug. 1947 


Moisture Control 


Paper moisture control. E. L. 
Neal. Pulp Paper Mag. Can. 48, 
100-2 (1947) (through Chem. 


Abstr. 41, 3624g (June 10, 1947)). 


By means of the Hart moisture 
meter it is possible to make ac- 
curate moisture determinations 
(within 0.1%) quickly (15-20 sec. 
per test) and to obtain a satisfac- 
tory degree of control over moisture 
in the sheet by stating moisture 
requirements and then acquainting 
machine crews with the results of 
tests a few minutes after reels are 
turned up; i.e., in ample time for 
drying conditions to be altered 
sufficiently to obtain and maintain 
desired moisture control. 


Text. Research J. Aug. 1947 


New Method for Molecular 
Weight Determination 


A sound-velocity method for deter- 
mination of molecular weight of 
liquid polymers. Alfred Weissler, 
James W. Fitzgerald, and Irving 
Resnick. J. Applied Phys. 18, 
434-8 (May 1947). 


An acoustic interferometer operat- 
ing at a frequency of one megacycle 
is used to determine the velocity of 
sound in liquid polyethylene glycols. 
The sound-velocity measurement is 
used to calculate the molecular 
weight of the test liquid. This is 
compared with the number-average 
molecular weight determined by a 
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cryoscopic method, and the weigh:- 
average molecular weight by a 
viscosimetric method. Correlation 
is demonstrated between’ sound 
velocity and refractive index as well 
as sound velocity and viscosity. 


Text. Research J. Aug. 1947 si ie A. Dietz 


Molecular Weight of Nylon 


The relation of the viscosity of nylon 
solutions in formic acid to mo- 
lecular weight as determined by 
end-group measurements. Guy 
B. Taylor. J. Am. Chem. Soc. 69, 
635-8 (Mar. 1947). 


Measurements of the intrinsic vis- 
cosity and functional end-groups of 
polymer chains for 25 different 
nylon samples have been made and 
the relation between viscosity and 
molecular weight reduced to the 
formula M, = 13,000[y]'*9.  Num- 
ber-average molecular weights 
ranged from 5,000 to 25,000, de- 
pending on the extent of the re- 
action, which was controlled by 
employing an excess of a functional 
group, and on the conditions of 
preparation. It is concluded that 
the ratio of viscosity-average to 
number-average is nearly a constant 
for all samples. Author 


Text. Research J. Aug. 1947 


Molecular Weight of 
Proteins 


Longitudinal dispersion of infrared 
rays in optically empty and turbid 
media, and molecular weights of 
substances. W. W. Lepeschkin. 
J. Phys. & Colloid Chem. 51, 875- 
84 (May 1947). 


The method described in the pre- 
ceding article by the same author 
(J. Phys. & Colloid Chem. 51, 
868-75 (1947)) is further developed 
and a method of correcting dis- 
persion results for turbidity is de- 
scribed. Data on molecular weight 
of a number of proteins are given. 


Text. Research J. Aug. 1947 W. E. Davis 
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Analysis of Organic 
Compounds 


Quantitative analysis of organic 
compounds by direct and indirect 
titanometry. L. Genevois. Chim. 
anal, 29, 53-8 (1947) (through 
Chem. Abstr. 41, 3399¢g (June 10, 
1947)). 


Thousands of organic compounds 
give characteristic nitro derivatives 
of which the melting points are 
known. These nitro compounds, 
preferably with more than one NO» 
group, can be reduced by TiCl; and 
the consumption of the reagent 
measured directly or indirectly by 
titration. The reaction is more 
specific and more sensitive than 
most others for analyzing organic 
compounds. In this, the first in- 
stallment of a series of papers, the 
principles are discussed and _suit- 
able application is described. 

Text. Research J. Aug. 1947 


Particle-Size Determination 


An instrument for measuring par- 
ticle diameters and constructing 
histograms from electron micro- 
graphs. E. E. Hanson and J. H. 
Daniel. J. Applied Phys. 18, 
439-43 (May 1947). 


A device for developing particle-size 
distribution curves from electron 
micrographs of rubber latices. 


T. J. Dietz 


Text. Research J. Aug. 1947 


Pectic Acid 


An x-ray diffraction investigation of 
pectinic and pectic acids. K. J. 
Palmer, R. C. Merrill, H. S. 
Owens, and M. Ballantyne. J. 
Phys. & Colloid Chem. 51, 710-20 
(May 1947). 


X-ray photographs have been taken 
of pectinic and pectic acids in the 
form of both powders and fibers, and 
their interplanar spacings have been 
recorded. The variation in x-ray 
spacings with methoxyl content has 
been determined. A fiber identity 
period of about 13 A. has been 


found for the polygalacturonide 
chain in all the pectinic and pectic 
acids so far investigated. The 
interchain separation increases from 
approximately 6.6 A. to 6.94 A. 
when the methoxyl content varies 
from 0 to 11%. The sign of in- 
trinsic birefringence of pectinic and 
pectic acid fibers is negative. This 
is in contrast to fibers of alginic acid 
and sodium alginate, which are 
positive. A structural reason for 
the negative sign of birefringence is 
suggested. Authors 


Text. Research J. Aug. 1947 


Dispersion of Light by 
Polymers 


The longitudinal dispersion of infra- 
red rays in polystyrenes. W. W. 
Lepeschkin. J. Phys. & Colloid 
Chem. 51, 868-75 (May 1947). 


The latest apparatus used for the 
determination of the longitudinal 
dispersion of infrared rays in poly- 
styrenes, the methods of photo- 
graphing this dispersion in the case 
of solid polystyrenes and _ their 
solutions, and of observing the 
Tyndall effect are described. The 
solid polystyrenes used in the shape 
of transparent plates did not show 
any Tyndall effect either in dark red 
or in white light. The solutions of 
polystyrenes in benzene, toluene, 
and carbon disulfide did not show 
any Tyndall effect in dark red and 
infrared rays but showed a very 
weak effect in white light, a result 
which has no connection with the 
molecular weights of the poly- 
styrenes and must be ascribed to an 
impurity which is contained in 
different amounts in different poly- 
styrenes. The dispersion of infra- 
red rays in solid polystyrenes as 
well as in their solutions is a 
purely longitudinal dispersion. This 
dispersion proved to be proportional 
to the cube root of the molecular 
weight of the polystyrene in both 
cases. It also depends upon the 
index of refraction of the solvent: 
the greater the latter is, the weaker 
the dispersion. The orientation of 
the polystyrene molecules is im- 
portant, too; if they are oriented 
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perpendicular to the direction of the 
light bundle the dispersion is 
stronger than if their orientation is 
parallel to the same. Both these 
facts confirm the Neugebauer theory 
of the longitudinal dispersion of 
light, which considers it to be a 
total internal reflection from the 
interior surfaces of bundles of 
molecules or, in this case, from the 
surfaces of the molecules them- 
selves. Author 


Text. Research J. Aug. 1947 


Refractive Index of Films 


Measurement of refractive index of 
films. Fred W. Billmeyer, Jr. 
J. Applied Phys. 18, 431-4 (May 
1947). 


A method for measuring the re- 
fractive index of films of transparent 
or translucent materials is described. 
It consists in immersing a specimen 
of the material in a suitable liquid 
mixture, and then adjusting the 
refractive index of the immersion 
liquid to a point at which the 
specimen is observed to exhibit 
minimum reflectance. The only 
requirement of the test specimen is 
that it have one reasonably plane 
face of fair optical reflecting quality. 


Text. Research J. Aug. 1947 pe Le Dietz 


Heat of Hydration of 
Starch 


Calorimetric measurements of heats 
of hydration of starches. W. G. 
Schrenk, A. C. Andrews, and H. 
H. King. Ind. Eng. Chem. 39, 
113-16 (Jan. 1947). 


The reaction between starch and 
water is quite rapid. An apparatus 
is described for obtaining the heat of 
hydration and a method for drying 
starch is given. The heats of 
hydration range from 23.0 to 29.8 
cal./g., or the energy released on 
hydration is 4.96 to 3.73 k.cal. per 
gram-molecular unit. Granule size 
seems to have little effect. The 
values are within the range usually 
given for hydrogen bonds. Potato 
starch and waxy corn starch have 
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high heats of hydration and rice 
starch has a low heat of hydration. 
Alcohol extraction (defatting) slows 
down the rate of reaching the 
maximum heat of hydration but 
does not appreciably change its 
magnitude. Some correlation seems 
to exist between peak viscosities on 
pasting and heat of hydration. 
The difference in behavior of starch 
and glucose is explained as being 
due to the destruction of the 
crystal lattice of glucose. The rate 
at which energy is released when 
water reacts with starch seems to 
follow the law of a first-order 
reaction. A. R. Macormac 


Text. Research J. Aug. 1947 


Flow Velocity of Starch 
Solutions 


Characteristics of dilatancy. Koichi 
Sato and Bunichi Tamamushi. 
J. Chem. Soc. Japan 64, 341-8 
(1943) (through Chem. Abstr. 41, 
3344f (June 10, 1947)). 


By means of a viscometer using a 
spherical ball, the relation between 
the stress F and the flow velocity S 
was studied for solutions of soluble 
starch (Merck) of various concentra- 
tions. The result can be expressed 
in a relation S = Fy, n <1. 
n can be taken as a measure of the 
viscosity of the system. 

Text. Research J. Aug. 1947 


Stretch Modulus of Tire 
Cord 


Measurement of the dynamic 
stretch-modulus and hysteresis of 
tire cord. W. James Lyons and 
Irven B. Prettyman. J. Applied 
Phys. 18, 586-7 (June 1947). 


A vibrational method has 
developed for measuring the dy- 
namic modulus as well as_ the 
hysteretic properties of tire cords. 
The specimen is vibrated longi- 
tudinally by electromagnetic means 
at frequencies in excess of 100 cycles 
per sec. The test method is ap- 
plicable to filaments, yarns, cords, 
and films. T. J. Dietz 
Text. Research J. Aug. 1947 


been 








Viscometer for Volatile 
Liquids 


A capillary-type viscometer. D. P. 
Shoemaker, E. Hoerger, R. M. 
Noyes, and R. H. Blaker. Anal. 
Chem. 19, 131-2 (Feb. 1947). 


A capillary-type viscometer for the 
study of solutions containing vola- 
tile solvents has been designed and 
tested. Because the solution need 
not be transferred from the con- 
tainer in which it is prepared, 
measurements made with this vis- 
cometer on concentrated solutions 
of large molecules, such as cellulose 
nitrates, in volatile solvents are 
more reproducible than those made 
with an Ostwald-type capillary 
viscometer. Because of the small 
volume of the new _ viscometer, 
viscosity determinations may be 
carried out with smaller samples 
than those required by the falling- 
ball viscometer. The simplicity of 
this device and its freedom from 
errors due to concentration changes 
recommend its application to the 
study of a variety of substances in 
solutions containing volatile  sol- 
vents. Authors 


Text. Research J. Aug. 1947 


Water-Vapor Permeability 


Application of the electric hy- 
grometer to the determination of 
water-vapor permeability at low 
temperature. J. A. Van den 
Akker. Paper Trade J. 124, 51- 
6 (June 12, 1947). 


Of the various methods currently 
in use for the determination of 
water-vapor permeability of mois- 
ture-resistant barriers, the hygro- 
metric methods employing an 
electric hygrometer of special design 
are the most sensitive. An intrinsic 
difficulty with the gravimetric 
method at low temperature (0°F and 
below) is the extremely small daily 
weight loss of cups sealed with good 
barriers. The development of spe- 
cial electric hygrometers having 
very small moisture-absorption ca- 
pacities has made possible the 
measurement of low water-vapor 
permeability at low temperatures. 
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The special hygrometer and as. 
sociated circuit are descrilied, 
Three hygrometric methods employ- 
ing this hygrometer for the low 
temperature determination of \\VP 
are described and discussed. These 
are the dynamic method, the com- 
parison method, and the sweep-gas 
method. The most sensitive and 
rapid in use is the dynamic method, 
which is recommended for industrial 
control purposes and appears to be 
suitable for the testing of sheets 
(such as resins and waxes) of a 
nonhygroscopic nature. The com- 
parison and sweep-gas methods are 
steady-state processes, and require 
the establishment of equilibrium: 
they are, accordingly, more time. 
consuming than the dynamic 
method but yield results that are 
theoretically free of error due to 
sorption phenomena. Sources of 
error aré discussed and a few pre. 
cautions are suggested. 
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CHEMICAL AND PHYSICAL 
RESEARCH 








* 






The Carbon-Carbon Bond 






The structure of polyisoprenes. VI. 
An investigation of the molecula! 
structure of dibenzyl by x-ray 







analysis. G. A. Jeffrey. Prov 
Roy. Soc. A188, 222-36 (Jan. 30 
1947). 







The molecular structure of dibenz\ 
has been determined to an accura¢! 
of about 0.01 A by using extensive 
x-ray data in 3-dimensional Fourie! 
syntheses to refine the approximatt 
atomic parameters originally de 
rived by Robertson. The three 
formally single-carbon bonds joining 
the benzene rings have lengths ¢ 
1.50, 1.48, and 1.50 A. and make 
angles of 115° with each other. The 
departure from the standard lengt! 
of 1.54 A. is discussed in relation t 
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the analogous systems of  poly- 
isoprenes and 1.5 dienes where 
related effects have been observed. 
The dimensions of the benzene rings 
also reflect the unusual character of 
the acyclic carbon bonds, 2 of the 
aromatic bond lengths being 1.39 A. 
and the other 4 1.37 The 
molecule, although possessing a 
center of symmetry, is not ab- 
solutely symmetrical, since the cen- 
tral CHe-CHe bond is inclined at 
70.5° to the plane of the benzene 
rings. This is ascribed to the 
influence of intermolecular forces. 


Text. Research J. Aug. 1947 Author 


Structure of Cellulose 


A long-period structure of cellulose 
molecules and of plant fibers con- 
sisting of cellulose. G. V. Schulz 
andE.Husemann. Z. Naturforsch. 
1, 268-80 (1946); cf. C.A. 40, 
201°, 264° (through Chem. Abstr. 
41, 39616 (June 20, 1947)). 


Cellulose from plant fibers (cotton 
or ramie) consists of chains of 
approximately 3,200 glucose resi- 
dues; these chains are approxi- 
mately the same length. The mole- 
cule sizes in partially degraded 
natural cellulose are much more 
uniform than would be expected 
if all the bonds in the chain were 
identical. An exact study of the 
molecule-size distribution shows 
that at regular intervals of ap- 
proximately 500 glucose units an 
easily cleavable bond occurs (cf. 
C.A. 37, 5861°). A similar periodic 
structure was detected in natural 
fibers. Cotton and ramie fibers 
were partially degraded hydrolyti- 
cally and were then disintegrated 
by rubbing. The lengths of the 
fiber fragments, determined with 
the electron microscope, were pre- 
dominantly in the range 2,000— 
2,500 A., which corresponds to ap- 
proximately 500 glucose units. Arti- 
ficial fibers, treated similarly, show 
no such regularity in size. It is 
Suggested that the true length of 
the period is probably 2% = 512 
units. The possible connection of 
the results with the biosynthesis of 
larse molecules is pointed out. 


Tex!. Research J. Aug. 1947 


Elastic Constants 


The elastic constants of materials 
loaded with nonrigid fillers. 
Jane M. Dewey. J. Applied Phys. 
18, 578-81 (June 1947). 


Expressions for Young’s modulus, 
modulus of rigidity, compressibility, 
and Poisson’s ratio are developed 
for materials loaded with small non- 
rigid spheres. TT. §. Diets 


Text. Research J. Aug. 1947 


Fractionation of Cellulose 


Polymolecularity of cellulose. A 
fractional precipitation method 
for its determination. John E. 
Tasman and Alfred J. Corey. 
Pulp Paper Mag. Can. 48, 166-70 
(1947) (through Chem. Abstr. 41, 
361572 (June 10, 1947)). 


The pulp is nitrated with a mixture 
of 285 cc. HNO; (d. 1.5), 170 ce. 
H;PO, (d. 1.75), and 350 g. P:Os, 
by using 1 g. pulp and 100 cc. acid 
mixture and carrying out the reac- 
tion 1 hr. at 20°C. The nitrate 
(1.2 g.) is dissolved in 240 cc. ace- 
tone (8 hr.) and precipitated with 3, 
6, and 9 volume-% H.O. Centrif- 
ugal separation of the precipitate 
permits a direct viscosity determi- 
nation of the supernatant solution, 
consisting of the shorter chain- 
length material in an acetone-H,O 
solvent mixture. Since the solvent 
viscosity is known for varying 
quantities of H.O, the relative 
viscosity can be calculated. Molec- 
ular weight values are derived from 
the intrinsic viscosity, and the 
distribution curves are drawn from 
these data. The procedure is re- 
stricted in that there is a definite 
lower limit beyond which the solu- 
tion viscosity at 0.1% concentra- 
tion cannot be determined. Ex- 
trapolation of the lower region of 
the ‘‘summative” curve from 20% 
to 0% yield can be accomplished 
with sufficient accuracy to mini- 
mize this effect. Results are given 
for 2 samples of a bleached sulfite 
pulp. The method provides a use- 
ful means for comparing the molec- 
ular chain-length distribution of 
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various pulp samples on a relative 
basis. 19 references. 
Text. Research J. Aug. 1947 


Fractionation of Nylon 


The distribution of the molecular 
weight of nylon as determined by 
fractionation in a phenol-water 
system. Guy B. Taylor. J. 
Am. Chem. Soc. 69, 638-44 (Mar. 
1947). 


Polyhexamethyleneadipamide has 
been fractionated into 46 cuts in a 
phenol-water 2-liquid phase system 
at 70°C. The molecular weight 
distribution has been found to fol- 
low that predicated by the Flory 
equation based on the premise that 
in bifunctional reactions to form 
linear polymers the activity of a 
functional group is independent of 
the length of polymer to which it is 
attached. Author 


Text. Research J. A ug. 1947. 


Fractination of High 
Polymers 


The fractional precipitation of mo- 
lecular-weight species from high 
polymers. Theories of the proc- 
ess and some experimental evi- 
dence. D. R. Morey and J. W. 
Tamblyn. J. Phys. & Colloid 
Chem. 51, 721-46 (May 1947). 


Existing theories accounting for the 
selective precipitation of increasing 
chain lengths are reviewed. These 
theories are: (a) that of G. V. 
Schulz, which is a treatment based 
upon consideration of the potential 
energy of a chain molecule when in 
the solution or in the precipitate 
phase; (b) a thermodynamic treat- 
ment developed by Flory, Gee, and 
Huggins, in which a calculation of 
activities is made and used to pre- 
dict phase separation conditions; 
and (c) a theory in which the 
precipitate phase is considered as a 
consequence of the opposing rates of 
solution and aggregation. With the 
aid of this last theory and by in- 
cluding a separate term for the in- 
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fluence of end groups, the type of 
fractionation in which short chains 
are less soluble than the long ones 
can be accounted for. This reverse- 
order effect is further studied and 
shown to be independent of tem- 
perature but dependent upon con- 
centration. The opposing rate the- 
ory is shown to be in accordance 
also with experimental data on 
normal-order  precipitations. The 
efficiency of fractionation is also 
discussed from the viewpoint of 
these studies. Authors 


Text. Research J. Aug. 1947 


Fractionation of Rubber 


Molecular fractionation by diffusion 
of guayule and Cryptostegia rub- 
ber. E. A. Hauser and D. S. 
LeBeau. Rubber Chem. Tech. 20, 
70-7 (Jan. 1947). 


Gives data on molecular weight of 
rubber fractions obtained by dif- 
fusion from dried, acetone-extracted 
rubber into hexane; results for 
guayule (milled and unmilled) and 
Cryptostegia rubber are compared 
with those for Hevea smoked sheet 
in an attempt to account for the 
poor quality of guayule. The mo- 
lecular weights are based on the 
Arrhenius equation; original  vis- 
cosity data are not given. 


Text. Research J. Aug. 1947 W. E. Davis 


Heat Transfer Theory 


Heat transfer between a fluid and a 
porous solid generating heat. 
Stuart R. Brinkley, Jr. J. Ap- 
plied Phys. 18, 582—5 (June 1947). 


A theory of heat transfer between a 
fluid and a porous solid which was 
originally developed by Anzelius 
(1926) and Schumann (1929) has 
been extended to include the case in 
which the solid evolves heat. Ap- 
plication of the theory to the study 
of catalytic reactions is indicated. 


T. J. Dietz 


Text. Research J. Aug. 1947 





Cross-Bonded Structures in 
Liquids 


The sudden application of a constant 
shearing motion to anomalous 
fluids. E. K. Carver and J. R. 
VanWazer. J. Phys. & Colloid 
Chem. 51, 751-62 (May 1947). 


A concentric cylinder viscometer 
which can be made to rotate sud- 
denly at a constant speed is de- 
scribed. Photographic recordings 
of the variations of shearing force 
with time were used to differentiate 


between materials having differ- 
ent rheological structures. An ex- 
tended study was made of an 


aluminum soap dissolved in gasoline. 
The photographic traces of force vs. 
time for this substance exhibit a 
pronounced maximum near the time 
rotation was started. From these 
traces it can be shown that there is 
a cross-bonded structure which is 
partially destroyed under shear. 
An activation energy of 9 kg.-cal. 
was found for the process by which 
the structure is re-formed upon 
standing. The activation energy 
for flow is zero, but this is explained 
by assuming that the mechanism of 
flow is a combination of breaking 
bonds and the normal type of 
internal friction. Authors 


Text. Research J. Aug. 1947 


Starch Nitrates 


Studies on reactions relating to 
carbohydrates and polysacchar- 
ides. LXII. Effect of hot alkali 
on the nitrates of starch, amylose, 
and amylopectin. W. R. Ash- 
ford and H. Hibbert. Can. J. 
Research 25B, 151-4 (Mar. 1947). 


Nitrates of whole starch, amylose, 
and amylopectin, containing about 
13% N, were found to dissolve 
partially on refluxing with dilute 
NaOH. The insoluble residue was 
not appreciably denitrated; the 
soluble portions were apparently not 
investigated. The nitrate of amylo- 
pectin is more stable to alkali than 
that of amylose, and both are more 
resistant than cellulose nitrate. 


Text. Research J. Aug. 1947 W. E. Davis 
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Cellobiose Nitrate 


Studies on reactions relating to 
carbohydrates and polysacchar- 
ides. LXIII. The stability of 
maltose and cellobiose octani- 
trates. W. R. Ashford, T. H. 
Evans, and H. Hibbert. Can. J. 
Research 25B, 155-8 (Mar. 1947). 


The octanitrate of cellobiose 
found to be more stable as measured 
by the Abel test, but less resistant 
to alkali than that of maltose. 

Text. Research J. Aug. 1947 W. E. Davis 


Was 


Oxycellulose 


Investigation of the properties of 
cellulose oxidized by nitrogen 
dioxide. II. The evolution of 
carbon dioxide from uronic acids 
and polyuronides. FE. W. Taylor, 
W. F. Fowler, Jr., P. A. McGee, 
and W. O. Kenyon. J. Am. 
Chem. Soc. 69, 342-7 (Feb. 1947). 


The evolution of carbon dioxide 
from uronic acids upon treatment 
with hydrochloric acid gives an 
exponential curve when CQ, is 
plotted against time. Nonuronic 
organic acids such as tartaric or 
oxalic and nonuronic carbohydrates 
such as cellulose give linear curves 
with a small amount of COs: (1.5%) 
evolved. Reaction velocity con- 
stants are given for D-glucuronic 
acid, D-galacturonic acid, JL-as- 
corbic acid, pectic acid, alginic acid, 
celluronic acids, and oxidized starch. 
The structure of celluronic acids and 
oxidized starch in view of these data 
is discussed. Celluronic acids are 
composed essentially of 6-D-glucose 
units and 6-D-glucuronic acid units. 

A. R. Macormac 
Text. Research J. Aug. 1947 


Investigation of the properties of 
cellulose oxidized by nitrogen 
dioxide. III. The reaction of the 
carboxyl groups of polyuronides 
with calcium acetate. P. A. Mc- 
Gee, W. F. Fowler, Jr., and W. 0. 
Kenyon. J. Am. Chem. Soc. 69, 
347-9 (Feb. 1947). 

The calcium acetate method for 

COOH in celluronic acids or other 








AvuG 


syntl 
gives 
taine 
tion 

theo! 
geste 
meth 
only, 
woul: 
salts, 
divid 
may 

using 
after 


Macr 
carbo 
dized 
acid, 
ascorl 
sodiu: 
meth¢ 
with | 
acetal 
ric nm 
the | 
cellure 
result, 
meth« 
insolu 
oxidiz 
with a 
the p 
their s 


Text. Re 


Invest 
cellt 
diox 
of 03 





Aveust, 1947 


synthetic or natural polyuronides 
gives lower results than those ob- 
tained by the carbon dioxide evolu- 
tion method, which is nearly the 
theoretical percentage. It is sug- 
gested that the calcium acetate 
method measures the free COOH 
only, whereas the CO. method 
would also give carboxyls present as 
salts, esters, anhydrides, etc. Finely 
divided samples of celluronic acids 
may be titrated with precision, 
using calcium acetate immediately 
after the reactants are combined. 

A. R. Macormac 
Text. Research J. Aug. 1947 


Investigation of the properties of 
cellulose oxidized by nitrogen 
dioxide. IV. Potentiometric ti- 
tration of polyuronides. C. C. 
Unruh, P. A. McGee, W. F. 
Fowler, Jr., and W. O. Kenyon. 
J. Am. Chem. Soc. 69, 349-54 
(Feb. 1947). 

Macro- and microtitrations of the 

carboxyls in celluronic acids, oxi- 

dized starch, alginic acid, pectic 

acid, D-galacturonic acid, and L- 

ascorbic acid in the presence of 1N 

sodium bromide by a potentiometric 
method give results that agree well 
with those obtained by the calcium 
acetate method. The potentiomet- 
ric method was not affected by 
the presence of nitrogen in the 
celluronic acids which leads to high 
results by carbon dioxide evolution 
method. It is suggested that the 
insolubility of celluronic acids and 
oxidized starch when neutralized 
with alkali hydroxide may be due to 
the presence of cross-linkages in 
their structure. A. R. Macormac 
Text. Research J. Aug. 1947 


Investigation of the properties of 
cellulose oxidized by nitrogen 
dioxide. V. Study of mechanism 
of oxidation in presence of carbon 
tetrachloride. P. A. McGee, W. 
F. Fowler, Jr., E. W. Taylor, C. 
C. Unruh, and W. O. Kenyon. 
J. Am. Chem. Soc. 69, 355-61 
(Feb. 1947). 


The preparation of purified an- 
hydrous carbon tetrachloride, nitro- 


gen tetroxide, nitrogen trioxide, and 
nitric acid is described. Data are 
reported on the effect of various 
ratios of cellulose, nitrogen tetrox- 
ide, and carbon tetrachloride with 
and without nitric acid present. 
When nitric acid is present, nitra- 
tion of cellulose takes place as a 
preliminary step to the oxidation to 
carboxyl. In the presence of nitro- 
gen tetroxide, the nitration is limited 
to the mononitrate, probably on the 
primary hydroxyl. The prelimi- 
nary nitrate on carbon 6 then under- 
goes oxidative denitration to give a 
uronic acid with the sixth carbon 
involved in the carboxyl, without 
destruction of the oxygen bridges. 
Nitrogen tetroxide causes this re- 
action, with the nitric acid acting 
as a catalytic agent. The small 
amount of nitrogen usually found in 
the celluronic acid may be the result 
of nitration of secondary hydroxyl 
groups. The same mechanism may 
underlie the oxidation of many 
hydroxyl-containing organic com- 
pounds if nitric acid is used as an 
oxidant. A. R. Macormac 


Text. Research J. Aug. 1947 


Carbonization of Paper 


The effect of inorganic substance on 
the carbonization of paper. Taro 
Tachibana. J. Chem. Soc. Japan 
63, 1053-7 (1942); cf. preceding 
abstract (through Chem. Abstr. 
41, 3357b (June 10, 1947)). 


A sheet of filter paper is dipped into 
solutions of various salts. It is 
then taken out and is kept in an 
electric furnace, the temperature is 
increased gradually, and the ac- 
companying change is observed. 
The modes of change are divided 
into 3 categories, viz.: (1) At a 
certain temperature the decomposi- 
tion takes place at once and the 
ignition starts at the same time. 
The salts are FeCl;, CuCl, CuSO,, 
PdCly, and AgNO;. (2) The de- 
composition is gradual and no 
abrupt change at a definite tem- 
perature occurs. The salts are 
(NH,4)3PO, and ammonium borate. 
(3) The carbonization product ig- 
nites. The carbonization is caused 
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by the catalytic action of the salt. 
The salts are various carbonates, 
alkali halides, Na2SO,, CaCl, BaCl, 
MgCh, etc. 


Text. Research J. Aug. 1947 


Combustion of Paper 


The effect of inorganic substances 
on the combustion of paper. 
Taro Tachibana. J. Chem. Soc. 
Japan 63, 924-8 (1942) (through 
Chem. Abstr. 41, 3357a (June 10, 
1947)). 


Sheets of filter paper were dipped 
into aqueous solutions of various 
salts, and dried at room tempera- 
ture, and their ignition was studied. 
The effect is attributed to a lower- 
ing, in the presence of the salt, of 
the ignition temperature of the 
carbon formed by the decomposition 
of cellulose. 


Text. Research J. Aug. 1947 


Effect of Magnetic Field on 
Polymerization 


Influence of the magnetic field on 
the chemical reaction velocity. 
H. Schmid, G. Muhr, and H. 
Marek. Z. Elektrochem. 51, 37- 
8 (1945) (through Chem. Abstr. 
41, 33487 (June 10, 1947)). 


Carefully purified styrene, con- 
tained in a glass phial, was placed in 
a magnetic field of 16,000 gausses 
and maintained at 80°C for 8 hrs. 
Analysis then showed 0.56% poly- 
styrene. Without the magnetic 
field but with other conditions the 
same, 4.9% of polystyrene was 
formed in 8 hrs. No after-effect of 
the magnetic field was detected. 
This retarding action of the mag- 
netic field is attributed to the 
orientation of the molecules. 


Text. Research J. Aug. 1947 


Spherical Aberration 


Spherical aberration of compound 


magnetic lenses. L. Marton and 
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K. Bol. J. Applied Phys. 18, 
522-9 (June 1947). 


A theory is described demonstrating 
a means by which the spherical 
aberration in strong electron lenses 
may be reduced. T. J. Dietz 
Text. Research J. Aug. 1947 


Action of Acrylonitrile 
on Viscose 


Action of acrylonitrile on viscose— 
Effect on the normal ageing 
process. J. P. Hollihan and San- 
ford A. Moss, Jr. Ind. Eng. 
Chem. 39, 222-4 (Feb. 1947). 


A number of substances are known 
which affect the rate of ageing of 
viscose solutions. No immediate 
change or increase in salt index, 
however, is ever observed when 
they are added. In contrast, acry- 
lonitrile and certain related com- 
pounds cause an immediate increase 
in salt index, which can be explained 
by the following mechanism: When 
acrylonitrile is added to viscose, it 
reacts rapidly with the principal by- 
product sulfur constituents; the 
latter are converted into organic 
sulfides and carbon disulfide is 
released. The carbon disulfide 
evolved causes further xanthation of 
the cellulose with a resultant rise in 
the salt index. Author 
Text. Research J. Aug. 1947 


Degreasing Wool 


Application of sulfonated fatty al- 
cohols in the (sheepskin) tannery. 
L. R. Kramarovsky. /ndustria 
y quim. (Argentina) 8, 323-7 
(1946) (through Chem. Abstr. 41, 
3641d (June 10, 1947)). 


Investigations of the properties of 
aqueous solutions of sulfonated 
fatty alcohols indicated the follow- 
ing results: The optimum tempera- 
ture for degreasing of wool soiled 
with olive oil, olein, and mineral oil 
is 50°C. The maximum cleansing 
action at 40°C is obtained at a con- 
centration of 4-5 millimols./l. In 
contrast to solutions of sodium 
stearate, effective cleansing is ob- 
tained throughout the pH range 
from 1 to 12. The maximum 








cleansing power is approximately 
4 times the maximum for soap, 
both occurring at pH 8. Formula- 
tions and procedures for application 
of sulfonated fatty alcohols are 
described; e.g., for use as a de- 
tergent: sulfonated fatty alcohol, 
550 g.; NaeCO3, 250 g.; H2O 100 1. 


Text. Research J. Aug. 1947 


BLEACHING: DYEING: 
FINISHING 


* 


Continuous Bleaching 


Continuous bleaching accents in- 
strumentation. E. A. Murphy 
and R. Pollock. Instrumentation 
2, 22-4 (1947) (through Chem. 
Abstr. 41, 3972g (June 20, 1947)). 


The continuous _ textile-bleaching 
system and suitable devices for the 
close control of the numerous vari- 
ables are described in detail, and 
a typical continuous bleaching- 
range control panel is shown. 


Text. Research J. Aug. 1947 


Color and Constitution 
of Azo Dyes 


The color of azo dyes in relation to 
chemical constitution. R. S. 
Mayston. Textile J. Australia 
21, 715-22 (1946) (through Chem. 
Abstr. 41, 39677 (June 20, 1947)). 


Methods are described for predict- 
ing with reasonable accuracy the 
color of a given azo structure. The 
discussion includes (1) an account 
of the classical theory of color as 
envisaged by Witt, with extension 
to his theory now possible due to 
advances in theoretical organic 
chemistry, (2) a review of general 
information which is required to 
predict the color of a given azo 
molecule, and (3) applications of 
the principles of color prediction to 
several commercial azo dyes. 


Text. Research J. Aug. 1947 
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Oxidation of Vat Dyes 


The oxidation process in the dyeing 
and printing of vat dyes. Karl 
Wolterek. Melliand Textilber. 27, 
303-5 (1946) (through Chem. 
Abstr. 41, 3969a (June 20, 1947)), 


Various oxidation and_ reduction 
reactions are reviewed as well as the 
different chemical treatments used 
in this process. The oxidation of 
the vat dyes on the fiber is most 
important, and should be watched 
carefully to ensure satisfactory dye- 
ing and printing results. 


Text. Research J. Aug. 1947 


Dyeing Rabbit Fur 


The black-dyeing of rabbit fur. A. 
Ginzel. Melliand Textilber. 26, 
41—4 (1945) (through Chem. Abstr. 
41, 3969c¢ (June 20, 1947)). 


Suitable physical and chemical treat- 
ments are described. 


Text. Research J. Aug. 1947 


Dyeing Rayon Cakes 


New machine for dyeing rayon 
cakes. C. M. Whittaker. Dyer 
97, 554 (June 6, 1947). . 


Extracts from a paper read at 
the Textile Institute Conference. 
Cakes are mounted on stainless-steel 
tubes, which are then placed on the 
perforated spindles of a removable 
frame. The frame is lowered into 
an open tank and seated on the 
delivery line from the circulation 
pump. Dye liquor is pumped up 
through the frame and out through 
the spindles to the sleeves holding 
the cakes. It is claimed that this 
open machine operates at a lower 
cost and is of a simpler construction 
than machines used previously. 
Its use is confined to the dyeing of 
rayon cakes or other packages 
which have as large an_ internal 
diameter as the standard viscose 
cake. J. A. Woodruff 


Text. Research J. Aug. 1947 
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Dyeing German Synthetics 


Synthetic fibers and their dyeing. 
E. Koester. Am. Dyestuff Reptr. 
36, 189-92, 223-4 (Apr. 21, 1947). 


A summary of the development of 
the synthetic fibers PeCe (chlori- 
nated polyvinyl chloride), the Per- 
lons T and L (polyamides), and 
polyurethane, a description of their 
physical properties, and an extended 
discussion of dyeing properties, 
particularly of the polyamide fiber. 
The properties of PeCe fiber are 
similar to Vinyon, Velon, and Saran, 
whereas the Perlons T and L are 
comparable to nylon. Polyurethane 
fiber, also known as Perlon U, has so 
far been dyed only with acetate 
dyes of the ‘‘Ceiliton’”’ type. Dye- 
ing methods and fastness properties 
obtained when dyeing polyamides 
with acetate, acid, chrome, direct, 
naphthol, sulfur, and vat colors are 
described. K. S. Campbell 


Text. Research J. Aug. 1947 


Wool-Dyeing Assistants 


Wool-dyeing assistants. S. Yates. 
Textile Recorder 64, 50-1, 64 
(1947) (through Chem. Abstr. 41, 
39696 (June 20, 1947)). 

A discussion of assistants used in the 

chrome mordanting of wool. 

Text. Research J. Aug. 1947 


Reflectance of Dyed Textiles 


The effect of dyestuffs on the tem- 
perature rise of fabrics exposed 
to light. Philadelphia Section, 
AATCC. Am. Dyestuff Reptr. 
36, P159-65 (Apr. 7, 1947). 


Cotton poplin, wool flannel, viscose 
rayon lining cloth, and cotton duck 
were dyed with a wide range of suit- 
able dyestuffs and reflectance meas- 
urements were made at a wave 
length of 1,000 millimicrons with a 
G. E. Spectrophotometer. This re- 
vealed that all the direct and in- 
soluble azo dyes used were high- 
reflecting (over 70% reflectance) 
but that several vat and sulfur dyes 


were low-reflecting (less than 30% 
reflectance). Among the wool dyes 
the chrome blacks and Naphthol 
Green B were low-reflecting, and in 
general the other azo and anthra- 
quinone acid dyes were high-reflect- 
ing. (All dispersed acetate dyes 
had been previously found to be 
high-reflecting.) On the basis of 
these data, selections of shades were 
dyed on each of the 4 fabrics men- 
tioned, first with dyes of low re- 
flectance, and then approximately 
matched with dyes of high reflect- 
ance. The high- and low-reflect- 
ance dyeings, together with the un- 
dyed fabric, were mounted on an 
apparatus so designed that fabric 
temperatures could be quickly de- 
termined by means of thermo- 
couples. When exposed to bright 
sunlight or beneath Photoflood 
lamps, the low-reflecting dyed fabric 
in all cases exhibited a greater 
temperature increase than the high- 
reflecting dyed fabric. Ina number 
of cases this temperature differential 
was over 10°. The practical signi- 
ficance of the effect of dyestuff 
reflectance on temperature rise in 
connection with clothing, tentage, 
awnings, and tarpaulins is discussed. 


K. S. Campbell 


Text. Research J. Aug. 1947 


Resin Finishes 


The replacement of starch in the 
finishing of textile fibers and 
fabrics. Rhode Island Section, 
AATCC. Am. Dyestuff Reptr. 36, 
P166-75 (Apr. 7, 1947). 


Two new water-soluble-type resins 
have been evaluated, which may be 
used to replace starch in finishing 
and warp sizing. As a general rule 
2% styrene resin or 3% alkyd resin 
produces a hand equivalent to 5% 
pearl corn starch. Durable finishes 
may be produced by combinations 
of these 2 resins with thermosetting 
resins of the urea- or melamine- 
formaldehyde type. They have the 
further advantage of minimizing 
loss in strength and abrasion-re- 
sistance. A quarternary ammo- 
nium compound in combination with 
the styrene resin produced a durable 
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finish in a single-bath process. A 
two-bath process is indicated at 
present to yield a similar result 
when the alkyd resin is used in con- 
junction with a quarternary am- 
monium compound. Both the sty- 
rene- and alkyd-resin types have 
given some indications of suitability 
as warp sizings. The styrene shows 
particular promise and appears to 
have an advantage over starch in 
that it is not affected by humidity. 
Charts are appended which provide 
a convenient reference to the physi- 
cal and chemical properties of 
starches and the various synthetic 
and other finishing materials. 


Text. Research J. Aug. 1947 Authors 


Rotproofing of Fabrics 


Rotproofing of fabrics: Comparative 
experiments using different test 
fungi. R. M. Brien and Joan M. 
Dingley. New Zealand J. Sct. 
and Technol. 28, 131-5 (Nov. 
1946). 


Since publication of a _ previous 
report on rotproofing of fabrics, 
further comparative experiments 
have been carried out, using differ- 
ent fungi as test organisms, on un- 
treated and treated canvas. Cul- 
tures of the test fungi Chaetomium 
globosum and Metarrhizium glutino- 
sum were obtained from the Bureau 
of Plant Industry, United States De- 
partment of Agriculture, and their 
reactions to copper oleate, copper 
and zinc naphthenates, and penta- 
chlorophenol compared with those 
of Stachybotrys atra and Memnoni- 
ella echinata, isolated from canvas in 
New Zealand during the previous 
investigation. The use of different 
test fungi resulted in significant 
variation in tolerance to the respec- 
tive rotproofing chemicals. It is 
therefore apparent that more than 
one test organism should be em- 
ployed when testing the efficiency of 
any chemical for rotproofing. On 
untreated canvas the application of 
a mixed spore suspension resulted in 
considerable variation in growth of 
individual fungi, with the exception 
of Memnoniella, which was domi- 
nant throughout. On treated can- 
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vas the use of a composite inoculum 
resulted in control of rotting at 
lower concentrations of chemicals 
than were required in tests of single 
fungi. This method is considered 
unsatisfactory for testing efficiency 
of rotproofing chemicals. 


Text. Research J. Aug. 1947 


Waterproofing with Silanes 


Waterproofing of fabrics. B. S. 
Prigozhin. Legkaya Prom. 1946, 
No. 9/10, 29 (through Chem. 
Abstr. 41, 3631d (June 10, 1947)). 


According to Brit. 572,740, 575,675, 
and 575,696 the material is first 
placed in an atmosphere of organic 
Si halides and then treated with 
NH; to neutralize the acid formed. 
Water-repellency can be attained 
also by treating the fabric with 


liquid or dissolved alkyl, aryl, 
aralkyl, or alkaryl Si halides. The 
solvents (hydrocarbons, chlorohy- 


drocarbons, ethers) must be inert 
with respect to the organic Si 
compounds. The acid formed is 
removed by washing with water or 
by neutralizing with alkali. Fab- 
rics treated with the mixture SiCl, 
(0.8-97.2%) +SiMe;Cl (99.2-2.8%) 
(vapor or solution) acquire excep- 
tionally high water resistance. Best 
results are obtained with a mixture 
of equal parts of the components; 
it waterproofs asbestos, wood, cello- 
phane, paper, cotton, linen, wool, 
and synthetic fibers. Vapor treat- 
ment is faster and cheaper. 


Text. Research J. A ug. 1947 


Washing Process 


The washing process. Walter 
Kling, Elisabeth Langer, and Inge- 
borg Haussner. Melliand Text- 
ilber. 26, 12-14, 56-9 (1945); cf. 
C.A. 39, 4230° (through Chem. 
Abstr. 41, 3972h (June 20, 1947)). 


The microscopic study of the wash- 
ing phenomenon was_ continued 
with Na oleate, Na dodecyl sulfate, 
an Na alkane sulfonate (Ci3H27- 
SO;Na), a 9-octadecenyl polyethy]- 
eneglycol ether (CisH3;(OCH2- 
CH2)nOH), and dodecylpyridinium 





bromide. Anion-active washing 
agents of various constitutions show 
only differences in the velocity of 
dirt removal. With cation-active 
products the primary replacement 
of the oil from the fiber surface is 
similar to that of anion-active 
washing agents. However, with 
progressive action there occurs a 
reabsorption of the dirt by the 
fiber, which depends on time and 
the absolute and relative concentra- 
tions of the washing agent. 


Text. Research J. Aug. 1947 


FIBERS: YARNS: FABRICS: 
MECHANICAL PROCESSES 


* 


Dissection of Cotton Fibers 


The cleavage of the surfaces of 
separation between the structural 
elements of the cotton fiber. 
Hans Dolmetsch. Melliand Text- 
ilber. 26, 23-7 (1945) (through 
Chem. Abstr. 41, 3971d (June 20, 
1947)). 


Studies of the swelling of variously 


physically and chemically _ pre- 
treated cotton showed that the 
cotton fiber is constructed simi- 


larly to the staple rayon fiber. 
The separation of the secondary 
layer into lamellae, fibrils, and 
spiral surfaces is possible without 
any appreciable degradation of the 
cellulose. The various surfaces of 
separation can be attacked by 
different means. The lamellae can 
be separated most readily by the 
extraction of low-polymer inter- 
mediate layers. The fibrils can be 
isolated mechanically by squeezing 
or chemically by still-unknown re- 
actions which occur during the 
reaction of hydrazine hydrate and 
other reducing agents. The spiral 
surfaces can be separated only 
chemically by the degradation of an 
easily hydrolyzable intermediate 
layer. 


Text. Research J. Aug. 1947 
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Analysis of Flax 






Relations between chemical com- 
ponents and the quality of a flax 
fiber. Max Liidtke. Melliand 
Textilber. 27, 283-6 (1946) 
(through Chem. Abstr. 41, 3971) 
(June 20, 1947)). 


In order to determine if the strength 
and fineness of a flax fiber depend 
on definite chemical components, a 
number of fibers varying in fineness 
and strength were retted under 
identical conditions, cleaned, and 
tested for cellulose, hemicellulose, 
pentosans, pectin, lignin, moisture, 
and ash contents, and were then 
subjected to certain group reactions 
as a test for the presence of alde- 
hyde and acid radicals as well as 
double bonds. The cellulose con- 
tent was determined according to 
the method of Kiirschner and 
Hoffer (C.A. 24, 5487). Tables give 
information on cellulose content 
and strength of 28 samples as well 
as the iodine number in alkaline 
solution. The determination of the 
cellulose content does not appear to 
be a suitable means of getting much 
information regarding fineness and 
strength of this fiber. 
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Fibers from Sea Animals 






Fibers from sea animals. W. Ru- 
dolph. Melliand Textilber. 27, 
287-8 (1946) (through Chem. 
Abstr. 41, 39707 (June 20, 1947)). 


Brief description of fibers manu- 












factured from fish, mussel, and 
other sea animals. Fish _ staple 
rayon is suitable for the manu- 





facture of all kinds of clothing, 
retains heat, can be dyed with wool 
dyes, and is superior to the Lanital 
fiber. 


Text. Research J. Aug. 1947 











Nylon Staple 





Nylon staple fiber. L. L. Larson. 
Am. Dyestuff Reptr. 36, P208-1! 
(Apr. 21, 1947). 
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The properties of nylon staple fiber 
which make it of great interest for 
such end uses as hosiery, sweaters, 
swim-suits, underwear, flannels, up- 
holstery, rugs, sheets, threads, work 
clothes, summer clothing, and over- 
coatings are reviewed. Chief 
among these properties are strength, 
abrasion-resistance, dimensional sta- 
bility in washing, and ability to 
take a permanent crimp. The lat- 
ter characteristic, resulting from the 
thermosetting nature of nylon, leads 
to the development of highly de- 
sirable loft in the goods made from 
it. Deniers per filament of 1.5, 3, 
6, 10, and 15 in cuts of 1 to 5 in. 
have been produced and deniers 
finer than 1.5 are expected. 1.5- 
denier nylon has been spun to 100s. 
Blending with wool, viscose, cotton, 
or acetate can produce many fabrics 
with new and useful properties. 

K. S. Campbell 


Text. Research J. Aug. 1947 


Formaldehyde Treatment of 
Rayon 


The action of aluminum chloride 
during the formaldehyde treat- 
ment of staple rayon. Albert 
Schaeffer. Melliand Textilber. 26, 
18-20, 37-41, 60-1 (1945); cf. 
C.A. 40, 4220° (through Chem. 
Abstr. 41, 39726 (June 20, 1947)). 


During the CH.O treatment, AICI; 
produces the necessary acid concen- 
tration. In addition, AICl3 reacts 
with CH.O to form a complex com- 
pound that reacts with the fiber 
in such a way that at the completion 
of the treatment Al (or the Al salt) 
is bound to the cellulose. In finish- 
ing treatments, Kaurit WF110 ex- 
erts additional acid-binding proper- 
ties, which are due to absorption, 
salt formation, saponification, or 
other factors. The degree of poly- 
merization of staple rayon is low- 
ered only slightly by the CHO 
treatment. An amount of AICI; 
which is in proportion to the CHO 
reagent takes part in the reaction 
between cellulose and CHO and 
hence does not degrade the fiber. 
These findings, also reported by 
Voge! (C.A. 37, 64654), disprove the 


frequently expressed views that 
AICI; acts as a catalyst during the 
CH:O treatment of the fiber and 
that it degrades the fiber. The 
CH:O content of staple rayon was 
determined according to the hydrox- 
ylamine method reported by Welt- 
zien (C.A. 39, 1762%). The Al 
content was determined by wetting 
staple rayon with H».SQ,, ashing 
it, dissolving the ash in HCl, pre- 
cipitating AI(OH)3, and _ igniting 
Al,O3; to constant weight. The 
Cl content of the fiber was de- 
termined by fusing 5 g. of fiber 
with 5 g. KOH and 5 g. of KNOs, 
dissolving the cold mass in HNOs, 
precipitating AgCl, adding ferric 
ammonium alum solution, and ti- 
trating with 0.1N NH,SCN solu- 
tion. 


Text. Research J. Aug. 1947 


Action of Light on Acetate 
Rayon 


The cause of the deleterious effect 
of light on acetate rayon and its 
elimination. Rudolf Robl. Mel- 
liand Textilber. 26, 34-5 (1945) 
(through Chem. Abstr. 41, 3972e 
(June 20, 1947)). 


In acetate rayon irradiated by a 
Hg-vapor lamp for several hours, 
peroxides were detected by testing 
with alkaline luminol solution and 
a catalyst, or with phenolphthalein 
in the presence of traces of CuSQ,. 
The harmful effect of irradiation is 
best overcome by use of inorganic 
compounds, especially those of Cr 
and Mn, which decompose the 
peroxides. Thus a Cr-treated TiO, 
delustering agent is effective. 

Text. Research J. Aug. 1947 


Coated Rayon Fabrics 


Coated rayon fabrics. III. Kehren. 
Melliand§ Textilber. 26, 61-3 
(1945); cf. C.A. 39, 5083! (through 
Chem. Abstr. 41, 3972d (June 20, 
1947)). 


Rainproof-clothing materials of rub- 
berized fabric and of rayon coated 
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with synthetic compositions are 
compared as to appearance, feel, 
weight per sq. m., amount of 
coating material per sq. m., ash 
content, and swelling and adhesive 
strength of the coating on exposure 
to water. 


Text. Research J. Aug. 1947 


MISCELLANEOUS 


* 


Adhesives 


Recent developments in adhesives. 
H. A. Spaulding and J. F. Mann- 
ing. Rept. Vermont Wood Prod- 
ucts Conf. 6, 16-23 (1946) 
(through Chem. Abstr. 41, 3661c 
(June 10, 1947)). 

Text. Research J. Aug. 1947 


Nonmercurial Carroting 
Agents 


Nonmercurial carroting agents in 
the manufacture of felt hats. 
Robert L. Houtz. Penna. Dept. 
Labor and Ind., Safe Practice, 
Bull. No. 90, 6 pp. (through Chem. 
Abstr. 41, 3631c (June 10, 1947)). 


Mention is made that nonmercurial 
carroting is feasible. The agents 
listed as used alone or in combina- 
tion are H.SO,, HNOs, chloric acid, 
HCl, Sn(NOs3)o, ZnClo, NaNO,, 
NaOCl, MgCl, KCIO3;, KMnQ,, Na 
perborate, urea nitrate, phospho- 
tungstic acid, and H.O2. The man- 
ufacture of hats is described. 

Text. Research J. Aug. 1947 


Spontaneous Combustion 
of Cotton 


Spontaneous combustion of cotton. 
M. Marini. Riv. tessile 1, 283-4 
(1946) (through Chem. Abstr. 41, 
3967f (June 20, 1947)). 


Spontaneous combustion of cotton 
may be caused by (1) fermentation 








462 





by thermophile microorganisms, 
with a development of combustible 
gases, catalyzed by the presence of 
traces of Fe; or (2) the oxidation of 
fats containing unsaturated acids. 
Experiments showed that the bales 
of cotton purposely treated with 
easily oxidizable fat may _ spon- 
taneously burn when heated; e.g., 
by a prolonged exposure to the 
sun’s rays. 

Text. Research J. Aug. 1947 

















Cotton Dyeing 






Cotton dyeing today. E. Yeadon. 
Dyer, 97, 441 (Apr. 25, 1947). 

A review of procedures and _ prob- 

lems of cotton dyeing by the jig 

method. 

Text. Research J. Aug. 1947 
















Hosiery Dyeing and Finishing 






Hosiery dyeing and finishing in the 
past twenty-five years. R. H. 
Smith. Am. Dyestuff Reptr. 36, 
187-8 (Apr. 21, 1947). 


A review. 








Text. Research J. Aug. 1947 








Emulsions 





The nature of emulsions. Tamotsu 
Fujita and Tsunetaka Sasaki. J. 
Chem. Soc. Japan 64, 1523-8 
(1943) (through Chem. Abstr. 41, 
3343e (June 10, 1947)). 


Emulsions were prepared in the 
ternary systems: benzene, alcohol 
(ethyl, amyl, cetyl), water, by 
means of various modes of shaking, 
and the resulting phase inversion 
systems are discussed in the light of 
foaming action. 
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Plasticizers 






Plasticizers in rubbers and plastics. 
H. Jones. Rubber Chem. Tech. 
20, 184-206 (Jan. 1947). 


















A review, with much illustrative 
material, of the properties of various 
types of plasticizers and their com- 
binations with different types of 
high polymers. W. E. Davis 
Text. Research J. Aug. 1947 


Print Styles 


Exhibition of print styles. N. Ha- 
men, G. S. Hibbert, H. S. Pogson, 
E. S. Beton, B. F. Crompton, and 
F. Farrington. J. Soc. Dyers and 
Colourists 63, 97-101 (Apr. 1947). 

A review in 6 parts. (cf. TEXTILE 

RESEARCH JOURNAL 17: 402 (July 

1947)). 

Text. Research J. Aug. 1947 


Rubber Latex 


Properties, applications, and utiliza- 
tion of latex. C.F. Flint. Ann. 
Rept. Progress Rubber Tech. 9, 
11-22 (1945); cf. C.A. 40, 62837 
(through Chem. Abstr. 41, 3649g 
(June 10, 1947)). 

A review of important periodical 

and patent literature of 1941-5, 

with 100 references. 

Text. Research J. Aug. 1947 


World Rayon Production 


World rayon production. Rayon 
Organon 18, 81-92 (June 1947). 


Total 1946 world rayon production 
increased 18% over 1945. Fila- 
ment yarn output rose 22%, while 
rayon staple was up 101446%. 1946 
per capita consumption of rayon in 
many countries was above prewar 
levels. The United States leads all 
other countries. Operable world 
rayon capacity by the end of 1947 
is estimated at 2.7 billion pounds 
annually. 

Text. Research J. Aug. 1947 


Stability of Standard 
Solutions 


The stability of solutions in plant 
laboratories. M. A. 


Popov. 


Zavodskaya Lab. 12, 881-2 (1945) 
(through Chem. Abstr. 41, 3392; 
(June 10, 1947)). 
After 30 days of standing, the titers 
of the standardized solutions fell to: 
NaeS203 95.0-97.9, KMnO, 96.7- 
99.2, and Ki[Fe(CN)¢] 98.0-98.5°%. 
The temperature in the laboratory 
had the greatest effect. 
Text. Research J. Aug. 1947 


Textile Oiling 


Fundamentals of the textile oiling 
technique. G. Nitschke. Mel- 
liand Textilber. 27, 299-303 (1946) 
(through Chem. Abstr. 41, 3972h 
(June 20, 1947)). 


A detailed review. 33 references. 
Text. Research J. Aug. 1947 






Textile Research in Canada 


Textile research in Canada. Paul 
Larose. Manual Textile Ind. Can. 
18, 63-70 (1946) (through Chem. 
Abstr. 41, 3969d (June 20, 1947)). 


A survey. 


Text. Research J. Aug. 1947 










Textile-industry progress. William 
King. Manual Textile Ind. Can. 
18, 54-62 (1946) (through Chem. 
Abstr. 41, 3969d (June 20, 1947)). 


A-survey. 


Text. Research J. Aug. 1947 


Water for the Textile 
Industry 


Water for the textile industry. 
Aug. F. Meyer and H. Borner. 
Melliand Textilber. 26, 31—3 (1945) 
(through Chem. Abstr. 41, 396% 
(June 20, 1947)). 

Treatment of water by means of 

the Magnofilter (MgO + CaCOs), 

which removes free CO, and _ pro- 
duces Mg and Ca bicarbonate, is de- 
scribed. 

Text. Research J. Aug. 1947 
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Textile Wastes 


Industrial wastes—Textile industry. 
John C. Geyer. Ind. Eng. Chem. 
39, 653-6 (May 1947). 


A short general discussion of textile 
wastes is given. They are in gen- 
eral of 2 types: (1) wastes from the 
preparatory processes such as wool 
scouring, silk degumming, and kier 
boiling, and (2) dye wastes. The 
first are alkaline and may contain 
large amounts of fats or waxes. 
The second will be colored and may 
be acid, alkaline, or neutral. The 
best method of disposing of textile 
wastes is to combine them with 
municipal sewage. Discharge of 
large volumes of textile wastes in 
short times must be avoided by 
storage basins. When treated in 
mill-owned plants, equalization, 
chemical precipitation, and me- 
chanical or biological filtration are 
often used. A. R. Macormac 


Text. Research J. Aug. 1947 


0.T.S. REPORTS * 


* 


Utilization of Cotton 


Utilization of cotton in Germany. 
Read P. Dunn, Jr. (FIAT Final 
Rept. 982.) PB 65684, Feb. 
1947; 10 pp.; microfilm, $1.00— 
photostat, $1.00 (limited supply 
mimeo, 25¢) (through Bib. Sct. 
and Ind. Reports 5, 894 (June 6, 
1947)), 


The purpose of this investigation 
was to determine what German 
developments had taken place dur- 
ing the war in the utilization of 


* Copies of these reports may be ob- 
tained directly from the Office of Tech- 
nical Services, Department of Com- 
merce, Washington, D. C. Orders 
shoul! be accompanied by check or 
money order payable to the Treasurer of 
the United States. 


cotton, particularly lower grades, 
and to evaluate the production. 
In the utilization of lower grades of 
cotton no new machinery of conse- 
quence was reported as having been 
developed, and the only technique 
thought to be at all significant was 
the blending of cotton and flax 
(Flockenbast). In general, processes 
employed were for the purpose of 
self-sufficiency and not for quality 
improvement. This report sum- 
marizes the practices followed by 
German cotton textile spinners in 
the utilization of cotton immedi- 
ately preceding and during the war, 
and reports the German industries’ 
evaluation of the products pro- 
duced. It supplements FIAT Final 
Report No. 457, Nov. 14, 1945, en- 
titled ‘Factors relating to  pros- 
pects for exporting U. S. cotton to 
Germany,” by Robert C. Jackson, 
Joint Intelligence Objectives Agency 
(PB 4495, v. 1, p. 333). Appendices 
present the following: (1) personnel 
interviewed, (2) targets visited, and 
(3) references to two related reports. 
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Cotton Spinning 


Report on the cotton spinning in- 
dustry of Germany (British Zone). 
J. S. Haydock and F. Haworth. 
(BIOS Final Rept. 1124, Item, 
22, 31.) PB 75878, Aug. 1946; 
33 pp.; microfilm, $1.00—photo- 
stat, $3.00 (through Bib. Sci. and 
Ind. Reports 5, 894 (June 6, 
1947)). 


Individual reports on the following 
plants are included: Mechanische 
Netzfabriken A. G., Itzehoe; Nie- 
huis & Diitting, Nordhorn, West- 
phalia; Ludwig Povel & Co., Nord- 
horn; B. Rawe & Co., Nordhorn; 
Gerrit Van Delden & Co., Gronau; 
Baumwollspinnerei Gronau, Gronau ; 
Baumwollspinnerei Germania, Epe, 
Westphalia; Krefelder Baumwoll- 
spinnerei, Krefeld; F. H. Hammer- 
sen, Rheydt; W. Dilthey & Co., 
Rheindahlen nr. Miinchen-Glad- 
bach; and Boezeler Textilbetrieb 
Spinnerei and Weberei, Miinchen- 
Gladbach. The summary states 
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that the opening of cotton is similar 
to that practiced in Lancashire, with 
the exception that after the cotton 
has passed through the bale breaker 
it is delivered into specially made 
chambers, in some cases blastproof, 
but in all cases fireproof. Two 
firms which had dispensed with this 
method were using the single- 
process system of opening and had 
good attachments of German manu- 
facture on their machinery. There 
is nothing to report about the cards 
except the bad condition of the wire. 
The systems of combing and draft- 
ing are mentioned in the individual 
reports, but it was interesting to 
note the number of mills which had 
adopted Le Blan-Roth system of 
high drafting. The ring frames 
were driven by variable-speed elec- 
tric motors. Only one mill visited 
was driven by steam engine, and 
in all cases the firms generated their 
own electricity. Some first-class 
ring spinning rooms with the most 
up-to-date machinery wereinspected. 
Most mills were fitted -with modern 
systems of air infiltration and 
humidification, but these, however, 
were not functioning. During the 
war all mills were almost exclusively 
engaged in spinning  staple-fiber 
yarns. Cotton has recently been 
supplied to some of the firms to con- 
serve the fuel which would be 
necessary to produce the staple- 
fiber. 
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Rotproofing 


Rot and mildewproofing of textile 
materials. Great Britain. Minis- 
try of Supply. (Process Specifi- 
cation D.T.D. 921; British Com- 
monwealth Scientific Office Rept. 
118-B1-111.) PB A 68025, July, 
1946; 8 pp.; microfilm, $1.00— 
photostat, $1.00 (through Bzb. 
Sci. and Ind. Reports 5, 894 
(June 6, 1947)). 


This specification gives 5 processes 
for proofing textiles; namely, (1) 
zinc naphthenate; (2) copper naph- 
thenate; (3) copper and iron; (4) 
salicylanilide; and (5) chromium 
and copper. Appendices cover 
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methods for conditioning of test 
samples and determination of pH 
values of chloride and sulfate, of 
weight of proofing, of zinc, of 
copper and iron, of water-extract- 
able matter, of water-soluble copper 
and iron compounds, of | salicyl- 
anilide, of paraffin wax content, of 
chromium and copper, and of water- 
soluble chromium and copper com- 
pounds. 
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Control of Swelling 






Control of swelling of viscose rayon. 
Carl Schlatter and Rene Bouvet. 
(FIAT Final Rept. 652.) PB 
68131, Feb. 1947; 15 pp.; micro- 
film, $1.00—photostat, $1.00 
(Limited supply mimeo, 50¢) 
(through Bib. Sct. and Ind. Re- 
ports 5, 895 (June 6, 1947)). 











The application and value of formal- 
dehyde treatments for the control of 
the swelling of rayon are discussed, 
together with the general methods of 
testing. The views of Professor 
Egon Eléd (Director of Research, 
Textilforschungsinstitut, Baden- 
weiler) on swelling vs. specific 
gravity of the fiber are noted, with 
the information that he is hopeful of 
developing a new rayon of in- 
creased wet strength, obtained by a 
higher specific gravity produced 
by a new method of spinning. He 
believes that a rayon with a uni- 
form and slightly higher density 
would have better properties. 
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Wool Processing 


The preparation of wool for carding 
and combing. John A. Levering 
and W. Arthur Lofft. (FIAT 
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Final Rept. 1037.) PB 66124, 
Feb. 1947; 13 pp.; microfilm, 
$1.00—photostat, $1.00 (limited 
supply mimeo, 50¢) (through 
Bib. Sci. and Ind. Reports 5, 894 
(June 6, 1947)). 


The woolen mills visited were di- 
vided among the American, French, 
and British Zones. Sorting prac- 
tices and layout, and wool-handling 
equipment were very good. Some 
of the German sorting rooms are 
excellently lighted and_ cleaned. 
A modern conveying system for 
unloading ships and delivering wool 
bales to warehouse and mill is 
described. In general the equip- 
ment used for opening, scouring, 
carbonizing, and drying was not 
up to standards recognized in the 
United States. In the observation 
of wool-grease recovery, the general 
practices were good as compared to 
methods used in the United States. 
Maintenance practices and power 
equipment were not above stand- 
ards demanded in the United States. 
In southern Germany mills were 
manufacturing blankets for the 
civilian trade, using mixtures of 
cotton, artificial fibers, and cotton 
shoddy. In one or two instances, 
a small amount of scoured wool, up 
to about 10%, was used in the 
blends. The mills at Hersfeld were 
making suitings and overcoatings, 
and in these two mills about 60% 
wool was being used. None of the 
mills in this group sustained any 
appreciable war damage, and, as 
soon as supplies and fuel are avail- 
able, could resume full production. 
Visits were also made to a rayon 
plant, the Zellwolle Lehrspinnerei at 
Denkendorf, and to the Deutscher 
Forschungsinstitut fiir textilindus- 
trie at Reutlingen, to investigate 
equipment applicable to the control 
of wool processes, laboratory meth- 
ods, or the testing of fibers. At 
both of these places the investiga- 
tors found the testing equipment 
to be excellent, and believe that 
some of it could be adapted to wool 
research, particularly in the field of 
single-fiber measurements. Appet- 
dices present: (1) personnel inter- 
viewed; (2) targets visited; and 
(3) bibliography of related reports. 
Text. Research J. Aug. 1947 
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